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EDITOR'S PRBPACE. 



In afiering to the British public the present 
translation of the latest work of Baron Liebig, I 
may be permitted to say, that I feel highly honoured 
in being intrusted with the duty of conveying to 
my countrymen a knowledge of one of the most 
interesting and valuable investigations which has 
yet been made in Animal Chemistry. 

The researches into the nature of the soluble 
constituents of muscle or flesh, which constitute the 
chief part of the present work, are preceded by 
considerations on the true Method of Research in 
Animal Chemistry, which are worthy of the most 
earnest attention on the part of those who intend 
to devote themselves to investigations in this most 
important and at the samie time most difficult 
department of science. A careful study of this 
section will convince the reader that itiuch more 
might have been done of late years in Physio- 
logical Chemistry, but for the wrong direction 
unfortunately given to recent researches, and will 
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powerfully contribute to direct into the right 
channel the energies of those rising chemists to 
whom Britain must look to sustain her scientific 
reputation in the present age of rapidly advancing 
discovery in the most recondite parts of Organic 
Chemistry and of Physiology. 

The physiologist will also find in this introductory 
section, the most convincing reasons to show that, 
henceforth, it is indispensable that Anatomy, struc- 
tural Physiology, and Chemistry should nnite their 
forces with a view to the solution of ]the great ques- 
tions which it is the common object of these sciences 
to solve. 

With regard to the chemical researches contained 
in the present work, it is most emphatically to be 
stated, that they constitute only the first steps in an 
almost new career; that they are very far from 
exhausting even the single subject here investigated, 
namely, the nature of the soluble constituents of the 
muscles; and that, consequently, they are chiefly 
valuable as indicating the true path at present to be 
pursued by chemists. It would be contrary to the 
principles as well as to the wishes of their author, 
if physiologists were to regard them as completed, 
or as in any one point exhausting the subject ; and 
how many more subjects does the animal organism 
present, which must remain obscure and impe- 
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netrable till they shall be studied on principles 
analogous to those which have guided the author ? 

Nevertheless, these researches have already 
thrown much light on many important but obscure 
questions ; and independently of the interest which, 
in a purely chemical view, they must always have 
for the chemist, they will be found, by the physiolo- 
gist and the medical man, both interesting and 
valuable in a very high degree. 

In connection with previous researches, they 
serve to demonstrate, that the more we know of the 
processes going on in the organism, the more do we 
find these to involve strictly chemical changes, 
and to be capable of a chemical interpretation. It 
would indeed appear as if every change in the 
organism were attended by a' definite chemical or 
physical action; and although we shall probably 
never succeed in unveiling the nature of the pecu- 
liar influence, called vitality, under which these 
changes occur, yet the present as well as previous 
investigations render it certain that we have still a 
great deal more to discover concerning the share 
taken by chemical action in the vital processes. 

I cannot omit to direct the attention of physio- 
logists to the proofs, contained in the following 
pages, of the truth of the principle, that every 
property, however apparently trifling or minute, 
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possessed by any constituent of the organism, even 
by suck as occur only in very small proportion, has 
its destined use and function; and» consequently 
that every constant difference, whether of composi- 
tion, of form, or of quality, in the different tissues 
afid fluids, must likewise correspond to a difference 
of function, in which, as a general rule, it cannot 
be replaced, nor its absence compensated for, by 
any other substance, however analogous in most of 
its properties. 

A striking eicample of this truth will be found in 
the facts concerning the great preponderance of 
phosphate of potash and chloride of potassium in 
the juit^e of flesh, while in the blood and lymph 
which circulate through the muscles, it is phosphate 
of soda and chloride of sodium which prevail. 
Another will be found in the fact that the juice of 
flesh is always strongly acid, while the blood and 
lymph ate decidedly alkaline ; and a third is seen 
in the abundant supply of lactic acid in the juice of 
flesh, while it cannot be detected in the urine. 

But perhaps the most interestin]^ observation^ 
next to the discovery of kreatine as a constant 
ingredient of flesh, of kreatinine, a powerful base, 
in the juice of flesh, and of both in urine, is the 
demonstration, complete, as it appears to me, of the 
true function of the phosphate of soda in the blood. 
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Tbis function, that of absorbing carbonic acid and 
giving it out in the lungg, is here shoi^n to depend 
entirely on the minute chemical charaeterB of the 
salt in question ; and we now see how it happens 
that phosphate of soda is essential to the blood, 
and oannot be replaced by phosphate of potash, 
a aalt^ which, although in many points analogous^ 
differs entirely from phosphate of soda, in its ten* ' 
dency to acquire an acid instead of an alkaline 
reaction, and in its relation to carbonic acid. In 
this way, the beautifdl researches of Graham on 
the phosphates are now finding their application, 
in the minutest point, to physiology. The same 
remark applies to the action of ccHnmon salt on 
phosphate of potash, which satisfactorily accounts 
for the presence of phosphate of soda in the blood 
of animals whose food contains only phosphate of 
potash, but which either find common salt in their 
food, or obtain it as an addition. Surely such facts 
as these must conTince all men of the value of the 
most minute study of the chemical properties of 
all the substances whidot occur in the organism, 
however these properties may at first appear- trifling 
or unimportant ; and of the utter impossibility of 
making progress in Physiology without the aid of 
Chemistry. I would also direct attention to the 
evidence here given of the fact, that the panete39 of 
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the different systems of vessels, as well as the mem- 
branes and cells, must possess, in the living body, a 
power of selection, or, in other words, different 
degrees of permeability, in reference to the various 
substances which penetrate them by endosmose. 
To this subject the investigations of the Author 
have been more particularly directed, since the 
termination of the present work ; and results of 
great interest and value have been already obtained. 
The medical man will find in these Researches 
a prospect of many and great improvements in 
practice, whether as regards dietetics, or the ac- 
tion of acids, alkalies, and salts on the digestive 
and respiratory processes ; and with respect to 
both, it is to Chemistry that he must look for as- 
sistance in his efforts to advance. Lastly, the 
present work contains some most valuable prac- 
tical applications of the chemical discoveries therein 
detailed, to an art which immediately concerns 
the whole of mankind ; namely, the culinary art. 

The subjects of the preparation of meat for food 
by boiling, roasting, and stewing ; the true nature 
and proper mode of preparation of soup, as well as 
of the extract of flesh or genuine portable soup ; 
and, finally, the changes produced in meat, not 
only by the above processes, but by salting, and 
the conditions necessary in each case to insure 
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the digestibility and nutritive qualities of the flesh 
or soup, are here, for the first time, investigated on 
scientific principles; and in all these points, Che- 
mistry is found to be the means of throwing light 
on that which was obscure, and of improving our 
practice by the application of rational principles. 

In conclusion I would remark, that the apparent 
simplicity of the results, and even of the processes 
described, gives a very inadequate idea of the 
laborious and diflScult nature of the investigation. 
Having myself repeated several of these processes, 
I have been enabled to perceive, that, unless Baron 
Liebig had devoted to the subject his whole en- 
ergies for a long time, and unless, moreover, he 
had operated on a scale so large as few experi- 
menters would have ventured on, the whole subject 
would have remained as obscure as ever. Not 
the least valuable lesson to be derived from this 
work is the absolute necessity of experimenting on 
a very large scale, if we would obtain satisfactory 
or trustworthy results. 

WILLIAM GREGORY. 

Uniybrsitt of Edinbuboh, 
SUt May^ 1847. 
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The preparation of a new edition of my Animal 
Chemistry rendered it desirable, and even necessary, 
to subject to an experimental inquiry and criticism 
the chemical observations made, up to that period, in 
this department of the science. I was thus induced 
to engage in a series of researches, which have led 
me farther than I at first anticipated. The questions 
as to the nature of the organic acid diffiised through 
the muscular system, and that of the other sub- 
stances contained in that system, appeared to me so 
important for the right understanding and explana- 
tion of the vital processes, that I did not feel justi- 
fied in proceeding with the revisal of my work until 
these questions had been, at least to a certain 
extent, experimentally answered. 

The present little work contains the analytical 
details of my investigation on these subjects, which, 
in accordance with the plan of the Animal Che- 
mistry, could not be introduced into that work. 
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f As my experiments include the changes which flesh 

undergoes in its preparation for food, I trust that 
not only physiologists and chemists, but also the 
lovers of a rational system of diet, will find in the 
following pages many observations worthy of their 
attention. 

DR. JUSTUS LIEBIO. 
GiBBSBK, \9t June, 1847. 
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SECTION I.— INTRODUCTORY, 

On the Methods of Investigation in Animal Chemistry. 

If we consider with some attention the facts Chemists 

, have not 

which have been ascertained in Animal Chemistry, devoted 

their ener- 

we shall be surprised to find how few among them giesto Ani- 
there are, on which conclusions can be securely mistry and 
based* The cause of this appears to me to be, that ^^ ^^* 
hitherto but a very small number, comparatively, of 
professional chemists have occupied themselves with 
the cultivation of this department of the science, or 
have selected it as the object of profound and 
thorough investigation. The important researches: 
which Berzelius began forty years ago, as well as 
those of L. Gmelin, Braconnot, and Chevreul, have 
not been imitated or followed up in the same spirit 
which animated these men. No chemist has yet 
appeared who* has chosen, in Animal Physiology, as 
De Saussure did in Vegetable Physiology, the first 

B 
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and most important questions as the problem of his 
life. Hence it comes, that in Animal Chemistry, 
Animal which is a frontier district, belonging entirely nei- 
has been in ther to Chemistry nor to Physiology, as commonly 
of advcn- happens on the frontiers of thinly-peopled countries, 
'*'*"' adventurers of all kinds roam about ; and it is on 
the observations made, and the tales related by 
these adventurers, during their occasional expedi- 
tions or excursions, that the greater part of our 
knowledge of this district rests. But how few of 
them have attained so accurate a knowledge, even 
of the small tract over which they have passed, that 
those who follow them run no risk of losing their 
way ! It is one thing to travel through a country, 
and another, very different, to establish a home 
therein. 

Since none of those philosophers who are called 
to possess this country, and who should draw from 
its fertile soil useful fruits, in the form of prolific 
points of view, and imperishable truths, takes the 
trouble to follow the devious path of these adven- 
turers, and to test the accuracy of their statements, 
they are induced, either to reject all these tales 
as vague and unfounded, or to regard them as actual 
truths. If one experimenter, for example, has 
found, in this or in that quarter, nothing which 
seemed worthy of his attention, they conclude that 
there is nothing whatever to be found there ; and if 
another proclaims the rich treasures of a different 
district, they act as if they were already in posses- 
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sion of these ; they build bridges over rivers, and 
drive mills with their waterfeiUs; but these are 
bridges over which no one passes, and mills that 
yield us no flour. 

For centuries past, men have endeavoured to dis- Exploded 
cover methods of cure, or a knowledge of morbid medical . 
conditions, by the aid of the imagination, in the so- 
called systems of medicine ; as if it were possible, 
or even wise and judicious, to expect a true insight 
into these things, or to look for intellectual illu- 
mination and progress from the most hazardous of 
all games of chance. 

In modem times this method has been abandoned The che. 
as entirely unproductive ; but, on the other hand, direct inte- 

., ,1 . , restinPhy- 

men commit an error not less grave, masmucn as, sioiogy and 
instead of acquiring by their own researches the ^'^- 
knowledge necessary for the solution of their diffi- 
culties, they leave this duty to others, who, folly 
occupied with the cultivation of their own branch 
of science, have neither interest in the questions to 
be solved, nor inclination for the task. From the 
chemical analysis of blood, of urine, or of a morbid 
product, they expect an aid which these analyses 
can never afford, as long as the results of the che- 
mist are not brought into the true connection with 
the conditions which they are to explain, or with 
the causes which have produced these conditions. 
All the new fects daily ascertained by the chemist Pathoio- 

•^ •' gists neg- 

are regarded by pathologists as being exactly those lect pure 

- ClieiXllSiry • 

which are of no direct use to them, because they 
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have no clear idea of that which they require ; be- 
cause they are unable to connect with these chemi- 
cal discoveries any question to be solved, or to draw 
from them any conclusion. 

What an inconceivable delusion, what a confusion 
of ideas must exist, when a physician thinks, that 
from the complex results of an analysis of the blood, 
he can draw a conclusion as to the nature and the 
cause of a disease, and can found on this a method 
of treatment, when we have not yet advanced so far 
in physiology as to bring into relation with the 
digestive process one of the simplest chemical iacts, 
namely, the absence of alkaline phosphates in the 
urine of the herbivora ! What pathologist has ever 
yet attempted to fix and define the notion of bad or 
spoiled food, in its fiiU signification, by means of a 
logical comparison with good and wholesome food ? 
and yet the former are regarded as the proximate 
causes of diseased conditions. I readily admit, that 
for such an investigation chemical knowledge is 
indispensable ; but the investigation itself has no 
value in reference to chemistry, and constitutes no 
object of research for the chemist, as such. 

From this state of things, which depends on the 
want of connection between the labours of chemists 
and those of physiologists, it has happened, that 
Animal Chemistry, during the last ten years, has 
gained little more than a more accurate knowledge 
of those compounds which the animal organism 
applies to no further purpose in its economy ; and 
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that, at the present time, it seems as if all the won- 
derful properties which it exhibits were produced 
only by means of albumen, fibrine, gelatine, some 
cerebral or nervous matter, and a little bile. It is has greatly 
universally felt, that we are as far from a true ani- ^imJche- 
mal chemistry as the anatomy of the last century ™"*'^' , 
was from the physiology of the present day. In- 
deed the animal chemistry of our time cannot be 
compared to modern anatomy, since microscopic 
researches have established the existence of struc- 
tures which had entirely escaped the earlier investi- 
gators ; of structures, as is now known, on which 
alone the function of those formerly observed 
depends. 

We know that the aliments of all plants are pre- Vaned rc- 
cisely the same ; but what a multitude of forms do getation 
these assume in the organisms of different plants ! 
The same soil on which we grow grain, beet-root, 
or potatoes, yields also tobacco and poppies. In 
grain and potatoes we have starch, in beet-root, 
sugar, in all three, a certain amount of compounds 
containing sulphur and nitrogen; in the poppy, a 
fat oil and a series of organic bases, — containing 
nitrogen, but not sulphur, — which are not found in 
other families of plants ; in tobacco, a volatile oil, — 
containing nitrogen, — ^possessed of basic or alkaline 
properties. 

These substances, so different in composition, are 
all derived from the same compounds, which nature 
supplies as food to all plants. It is certain that the 
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difFerences in the nature and composition of these 
nrastde- pFoducts can oiilj be determined by variations in 
^erem«8 the Organisation of the plants which produce them ; 
iUtio^ for they are the visible signs of existing peculiar 
^ ^* agencies, and chemistry, which has succeeded in 
detecting so great a variety in these compounds, 
belonging only to certain vegetable fiuniUes, has 
thus, in her department, surpassed vegetable ana- 
tomy. But the case is entirely reversed, when we 

of animal chemistry. The chemical relations which 
must correspond to the different structures and tis- 
sues are altogether unexamined ; and yet we cannot 
Thevaried supposc Otherwise than that the nature of each 
oftheani- secrotiou must stand in a definite relation of de- 
^ ^ pendence, in reference to its composition and its 
chemical properties, with those of the substance 
from which it is formed, or with those of the parts 
which are concerned in its formation. 

If we suppose, that it is from the blood that all 
must de- the constituents of the animal body are formed, this 

pend on 

similar cau ouly take place m virtue of certain forces, which 

causes } not ' 

yet studied, belong, uot to the blood, but to the organs in which 
the component parts of the blood are employed to 
produce them. The direction and position, the 
peculiar arrangement of the elements of the consti- 
tuents of the blood in the process of nutrition, are 
changed according to these seats of peculiar direc- 
tion in the force acting in the body, which have the 
same relation to the blood as the different vegetable 
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families have to the analogous substances which 
they receive as food from the air and the soil. 

There is, probably, no feet more firmly established, Agency of 

decompos- 

as to its chemical signification, than this, that the ing animal 
chief constituents of the animal body, albumen, pounds, 
fibrine, the gelatinous tissues, and caseous matter, 
when their elements are in a state of motion, that 
is, of separation, exert on all substances which serve 
as food for men and . animals, a defined action, the 
visible sign of which is a chemical alteration of the 
substance brought in contact with them. 

That the elements of sugar, of sugar of milk, of Transform- 

. ations de- 

starch, &c., in contact with the sulphurised and pending on 
nitrogenised constituents of the body, or with the sence of 

<■ 1 1 • 1 • 1 1 1 fennents. 

analogous compounds which occur m plants, wheii 
these are in a state of decomposition, are subjected 
to a new arrangement, and that new products are 
formed from them, most of which cannot be pro- 
duced by chemical affinities, this is a fact, independ- 
ent of all theory. Chemical affinities exert an in- 
fluence on the nature of the new products, but do Agency of 

ferments 

not determine their formation. The cause of this compared 
is obvious. When an organic substance is decom- ordinary 
posed by a chemically active body, we can, in most ^' 
cases, predict the nature and the properties of the 
new products formed by its action. If the active 
chemical agent be an acid, all, or a part of, the ele- 
ments of the organic body combine to form a base, 
or to form water ; if it be a base, they unite to form 
an acid, that is, a compound, the properties of which 
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are opposed to those of the acting body, and by 
which, therefore, its affinity is neutralised. In the 
processes* called fermentation and putrefaction, the 
mode of arrangement of the elements of organic 
compounds is of a totally different kind ; because 
here it is not a foreign chemical attraction, but an- 
other cause, which determines the new arrangement. 
Now we know, with absolute certainty, that the 
The trang- products which may be generated from fermentes- 

formation 

caoBed by a cible substaucos Vary, as the state of tne ferment or 

ferment Ta- . • nn • i 

ries with oxcitor vanos. The same caserne, the same mem- 
the fer- brauc, which determine the transposition of the ele- 



ment. 



ments of sugar so as to form lactic acid, cause, in 
another state, the same elements to divide them- 
selves into carbonic acid and alcohol, or into butyric 
acid, carbonic acid, and hydrogen gas. 
These prin- No ouo cau fail to porcoive the significance of 

ciples are 

concerned thcso facts, iu rospoct to the uuderstaudmg and the 

in the yital , , _ _ _ 

processes, explanation of many of the vital processes. If a 
t^hange in the position and arrangement of the ele- 
mentary molecules of animal compounds can exert, 
out of the body, a decided influence on a number 
of organic substances, when brought in contact with 
them ; if these substances are thus decomposed, and 
new compounds formed of their elements; and if 
we consider, that among these compounds, namely, 
such as are susceptible of fermentation, are included 
all those matters which constitute the food of man 
and of animals^ it cannot be doubted, that the same 
cause plays a most important part in the vital pro- 
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cess ; that it has a great share in the alterations 
which nutritious matters suffer when they are con- 
verted into fat, into blood, or into the constituents 
of organised tissues. * We kflow, indeed, that in all 
parts of the living animal body a change takes 
place ; that portions of living tissues are separated ; 
that their constituents, Fibrine, Albumen, Gelatine, 
or whatever they may be called, give rise to new 
compounds ; that their ' elements combine to form 
new products ; and in the present state of our know- 
ledge we must suppose that, by means of this very 
nction, at all points where it occurs, according to its 
•direction and force, a parallel, or coiresponding, 
change is effected in the nature and composition of 
all the constituents of the blood or of the food 
which come into contact with them ; and that, con- The dumge 

of matter is 

sequently, the change of matter is itself a chief a chief 
<!ause of the transformations which the constituents transfonn- 
of the food undergo, and also a condition of the the food. 
process of nutrition. We must further admit, that 
with every modification produced by a cause of dis- 
ease in the process of transformation of an organ, of 
a gland, or of one of their constituents, the action 
of this organ on the blood conveyed to it, or on the 
nature of .the resulting secretion, must, in like man- The change 

■.•i<i/M « 1 ^ ^ matter is 

ner, be changed; that the eiiect or a nutnber of influenced 

\}yf diseases 

remedies depends on the share which they take in and by re- 
the change of matter ; and that such remedies exert ^ ^* 
an influence on the quality of the blood or of the 
jFood, chiefly in this way, that they alter the direc- 
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tion and force of the action taking place in the 
organ, which action they may accelerate, retard, or 
arrest. 
Relation of The intermediate members of the almost infinite se-* 
acid,'&c. to ries of compounds which must connect Urea and Uric 
▼ery uttle stcid with the constituents of the food, are, with the 
°'^' exception of a few products derived from the bile, 
almost entirely unknown to us ; and yet each indi* 
vidual member of this series, considered by itself, 
inasmuch as it subserves certain vital purposes, must 
be of the utmost importance in regard to the expla- 
nation of the vital processes, or of the action of 
remedies. . The chief constituent of bile is a crystal- 
lisable compound ; and no physiologist now denies, 
that it is indispensable for the process of digestion. 
Thcar- Were we to discover in the organism certain 

fo^^in" arrangements by which a permanent electrical cur- 
must ha^ ^^^^ must be determined at all points, could any one 
tiie^Titd ^ doubt that such a current must take a share in the 
processes. ^^| proccssos ? Or if it were proved, that from 
the constituents of the food of all animals, among 
other compounds, organic bases are formed, which 
in their chemical nature resemble caffeine or qui- 
nine, or any other organic base ; if such compounds 
could be detected everywhere, in all parts, or only 
in certain parts, of the organism, should we not have 
advanced a step nearer to the explanation of the 
action of caffeine or of quinine ? 

About ten years since, the ultimate analyms of 
organic bodies furnished physiology with a result 
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highly important, in order to the easy understand- Emmecms 

deductioiis 

ing of the digestive or nutritive process, by demon- from the 
strating, that fibrine, albumen, and caseine have the idlLty in 
same composition. Misled by this result, many che- Sn^"' 
mists thought that the chief problem to be solved bu^n, mk 
by chemistry was to ascertain, by ultimate analysis, '^^'• 
the composition, in 100 parts, of all the constituents 
of the body; and thus many were induced to act 
on each of these constituents, without a more mi- 
nute study of its chemical relations and its proper- 
ties, with alcohol, ether, and acids ; and with the 
aid of the known resources of organic analysis, to 
determine the percentage of carbon, nitrogen, hy- 
drogen, and oxygen. They believed that they had 
thus, by means of these numerical results, done a 
real service to physiology, although the only addi- 
tion thus made to the name of the substance ana- 
lysed was an empty formula, of the accuracy of 
which there was no evidence whatever. Now that No pro. 

gress has 

we have been for ten years in possession of these been made 

by the aid 

formulae, every one must perceive that we have of mere 
made no real progress. The cause of this is obvious 
to all who know the true value of ultimate analysis. 
Ultimate analysis is a means of acquiring know- 
ledge, but is not itself that knowledge. Even sup- 
posing, what no one will seriously maintain with 
regard to the constituents of the animal body, that 
analysis bad made us acquainted with the exact pro- 
portions in whidi their elements are united toge- 
ther, yet this knowledge gives us not the least in- 
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formation as to the arrangement of these elements, 
or the way in which they group themselves, under 
the influence of chemical agencies. Now it is the 
knowledge of both these things together which alone 
can lead us to definite views as to the part which 
these compounds play in the vital processes, or the 
changes to which they are subjected up to the pe- 
riod of their expulsion from the body ; and this is 
essentially the problem which Chemistry has to 
solve in reference to the vital process. 

Ultimate analysis, bv itself, has this peculiarity, 

not secure the chemist against errors, because there 
is no other control for the accuracy of the analysis 
than the analysis itself ; and because the errors are 
equal at different times, and escape notice when we 
cannot change the methods of determining the indi- 
vidual elements. Now there is as yet no means of 
determining the weight of carbon otherwise than in 
the form of carbonic acid, or that of hydrogen other- 
wise than in the form of water. 

The only way to attain an accurate expression for , 
the composition of those substances, which, like the 
constituents of the animal body, contain a very large 
number of elementary molecules in the complex 
atom of the compound, is to endeavour to resolve , 
it into two or more less complex compounds, and 
to compare the composition and the amount of these 
products with those of the body from which tiiey 
have been derived. 
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In this respect, the history of Salicine offers the Example 

from tiie 

most striking instance, and may serve to convince history of 
every one how httle can be attained in questions of 
this kind by means of ultimate analysis alone. Five 
of the most accurate and conscientious chemists 
endeavoured, with all the dexterity which they are 
known to possess, to fix the relative proportion of 
the elements in salicine (a body of a far less com- 
plex nature than animal substances), but without 
the slightest success, until a method, discovered by 
Piria, of resolving salicine into two other com- 
pounds, at once, and without farther exertion, re- 
moved the difficulty. For each compound there is 
but one correct formula, but there are innumerable 
formulae which approach the truth ; and it can only 
occur by the rarest chance that a chemist succeeds 
in discovering the true formula of a compound from 
the results of its ultimate analysis. But the con- 
fidence which we repose in the dexterity of a che- 
mist can never furnish a foundation for theoretical 
views ; and it has not yet been the lot of any analyst 
to stand free from error in this respect. Those 
chemists who have enriched the science with the 
greatest number of true formulae, have only attain- 
ed this success by means of their own erroneous 
formulae. 

The method just pointed out for attaining an ac- Erroneous 
curate formula has not, however, escaped the notice of th^me^ 
of those who regard ultimate analysis as the last 
and highest object of a chemical investigation ; but 
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the utterly fallacious application of this method has 
misled them into far greater errors and inaccuracies. 
PaUacioiu Thoj beKeTed, for example, in studying a sub- 
***"* ^ stance, that they had fulfilled all the requisite con- 
ditions when they had succeeded in representing 
its decomposition in the form of an equation, with- 
out caring whether the formulae which made up the 
equation represented actual substances, or existed 
merely in their imagination. 

The following example will serve to place in a 
dear light what is here intended. 
lUastration When WO dissolvo uric acid in diluted nitric acid, 
scZn o^f carbonic acid and nitrogen gases are giyen off in 
equal Tolumes, and we obtain an acid solution, 
which, if neutralised by baryta, leaves, on evapora- 
tion, a mass soluble in alcohol, with the exception 
of the nitrate of baryta. The products of the de- 
composition of uric acid by nitric acid, are, there- 
fore, carbonic acid, nitrogen, and the above-men- 
tioned residue soluble in alcohol. Now it is evident, 
that if we ascertain the weight of the uric acid and 
that of the residue, the composition of the latter, 
and the proportions by weight of the carbonic acid 
and nitrogen disengaged, the decomposition may 
now be expressed in a perfectly correct equation, on 
one side of which we have the formulae of a certain 
quantity of nitric acid and water, and on the other, 
the formulae of the product, soluble in alcohol, of 
carbonic acid, and of nitrogen. We should thus 
have performed a series of laborious analytical ope- 



nitric acid 
on uric 
acid. 
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rations, but no investigation of the slightest scien- 
tific value ; for every one knows that the product 
soluble in alcohol consists of at least five different 
substances, the relative quantity of which varies with 
the temperature and the concentration of the acid. 
If we had mixed the solution of this product with a 
salt of lead, we should have obtained one precipi- 
tate; with subacetate of lead, a second; and by 
subsequently adding ammonia, a third ; which, after 
we had ascertained their composition, would have 
enabled us to insert in the equation, instead of the 
formula of the original product, two or three new 
formula. The equation would still have continued 
accurate, but it would have contained merely ima- 
ginary values, and not the fbrmuleg of real sub- 
stances, existing independently of the numbers. 

If we compare with this example tJie investiga- Example 

finom the 

tion of the products which albumen, fibrine, and proteme 

com- 

caseine yield, when acted on by strong alkalies, we pounds. 
shall immediately perceive, that the equations em- 
ployed in books and treatises to represent the 
changes which occur, as well as the formulae of the 
products assumed in theslB equations, have been 
obtained entirely by this fallacious method, and 
that these statements are utterly worthless for our 
purpose. 

Mulder, in his ** Versuch einer physiologische Mulder's 

equation. 

Chemie,'' Part IV. p. 321, says : " When white of 
^gg> or any other proteine compound, is boiled with 
potash, entire decomposition takes place. The pro- 



^^mm^^ 



represent- 
ing the de- 
composi- 
tion of pro- 
teine by 
alkalies. 



is quite 
fallacious. 
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ducts of this reaction are certainly not derived from 
the proteine alone, but still some of them must be 
regarded as constituents of that substance. These 
are: 

C, H. N. O. 

2 eq. Leucine 24 48 4 8 

2 „ Protide* 26 36 4 8 

2 „ Erythroprotide 26 32 4 10 

4 „ Ammonia — 24 8 — 

2 „ Carbonic Acid 2 — — 4 

1 „ Formic Acid 2 2—3 

• 

2 eq. Proteine + 9 eq. water = 80 142 20 33 " 

A glance at this equation is sufficient to show, 
that the agreement is as complete as possible. On 
one side we have the elements of proteine and of 
water, on the other, six products of decomposition ; 
the sum of the elements being exactly equal on both 
sides ; and yet a repetition of the experiment on 
which the equation is founded, teaches us that the 
whole explanation is utterly fallacious. For the 
chief product of this decomposition is a compound 
(possibly more than one compound) not precipitable 
by salts of lead ; there is produced no formic acid, 
but oxalic acid, as well as valerianic and butyric 
acids ; and in the case of fibrine, caseine, and the 
albumen of the serum of blood, there is formed a 
crystallisable body. Tyrosine (I give this name to 

* Erythroprotide is that product which is precipitated by neu- 
tral acetate of lead ; protide that which is thrown down by sub- 
acetate of lead. 
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the substance described by me in the " Annalen der 
Chemie und Pharmacie," vol. Ivii. p. 127), in all, 
therefore, five members, which are wanting in the 
equation. Moreover, according to the above equa- 
tion, 100 parts of white of egg should yield 30 parts 
of leucine, whereas, in reality, we can obtain hardly 
2 per cent, of that compound. 

Such explanations as the above are founded on an imperfect 

, /• 1 • notions of 

imperfect conception of the true object of a chemi- the true 

-. ,, . - . province of 

cal investigation; and when the same author, m chemical 
order to support his view, that the iron in the co- 
louring matter of the blood exists in that compound 
as metallic iron (which amounts to the same thing 
as saying, for example, that sugar contains carbon 
in the form of diamond), asserts, that by leaving the 
red matter of the blood in contact with oil of vitriol, 
and then adding water, he obtained hydrogen gas ; 
or when he states, in order to have a source, peculiar 
to himself, of the nitrogen in plants, that, according 
to his experiments, certain constituents of peat and 
brown coal possess the property of condensing the 
nitrogen of the air, and converting it into ammonia, 
or some similar compound of nitrogen, these state- 
ments are so many irrefragable proofs that he enter- 
tains erroneous views as to the true object of scien- 
tific researches. Without possessing the gift of pro- 
phecy, we may safely predict that we shall have, in 
a few years, in place of the formulae which he has 
given for animal compounds, and which he regards 
as for ever established, entirely different formulae. 
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It Mill fare vnth these analyses as with those which 
he has made of vegetable mucilage, of pectine, of 
glycocoU (sugar of gelatine), and other substances, 
for the accuracy of which the dexterity of the che- 
mist is for a time regarded as a guarantee, but which 
cease to be considered accurate, when the sub- 
stances analysed become the subject of more exact 
investigation. 
Erroneous Whcu such fallacious principles and methods of 

theoriesim- ..... • j i_ j.i. 

pedepro- luvestigatiou are accompanied by erroneous tneo- 
^^^^^' retical views, which, while they refuse admission to 
the most convincing evidence of the truth, are de- 
fended with a violence and obstinacy proportioned 
to the feebleness of these views» the field of research 
becomes a stage on which the most selfish passions 
are brought into action ; but, under such circum- 
stances, progress is out of the question. 
A theoreti. A theorotical view in natural science is never 

ciil view is 

only true absolutoly truo, it is only true for the period during 
riod. * ^' which it prevails ; it is the nearest and most exact 
expression of the knowledge and the observations 
of that period. In proportion as our knowledge is 
extended and changed, this expression of it is also 
extended and changed, and it ceases to be true for 
a later period, inasmuch as a number of newly 
acquired facts can no longer be included in it. But 
the case is very different with the so-called proteine 
The theory theorv, which cauuot be regarded as one of the 

of proteine ° 

never ex- theoretical views just mentioned, since, being sup- 
pressed the ^ ^ 

knowledge ported by observations both erroneous in themselves 
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and misinterpreted as to their significance, it had no of a given 
foundation in itself, and was never regarded, by 
those intimately acquainted with its chemical ground- 
work, as an expression of the knowledge of a given 
period. 

In the " Annalen der Chemie und Pharmacie " Defects of 
(vol. Iviii. pp. 129 et seq.), Laskowski has already 
fully developed the analytical evidence which bears 
against this theory, and we may here direct atten- 
tion to the defects of the theoretical notions on 
which it rests, or, more properly, does not rest. 

The results of the ultimate analysis of fibrine, Supposed 
albumen, and caseine attracted, ten years ago, the composi- 
attention due to them ; since they seemed to prove brine, aibu- 
tbat these three bodies had the same composition, ^^ne^ 
the notions entertained concerning the process of 
digestion and nutrition acquired a great degree of 
simplicity ; these results contributed to demonstrate 
the value of chemical composition as an element in 
the discussion of physiological questions. 

But this result, derived from ultimate analysis, 
had two disadvantages. The first was, that we were ' 
disposed to believe that identity of composition in 
the sulphurised and nitrogenised constituents of food 
and those of the blood was indispensable for the un- 
derstanding and explanation of the digestive pro- notnece*- 
cess. But, theoretically, this identity of composi- ex^aMtion 
tion is not indispensable ; it only facilitated the tritive pro- 
investigation. When a chemical attraction causes ^^' 
the formation of a compound, it is, in regard to the 

c2 
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chemically active, or attracting, body, quite indiffe- 
rent whether the atoms which it attracts form a 
group, bound together by their mutual attractions, 
or are simply arranged near each other, Mithout being 
combined. To produce the compound, it is only 
necessary that the attractive force should be more 
powerful than the forces which oppose its manifes- 
tation, that is,, the formation of the new compound. 
If the attractive force preponderates, the attracted 
elements enter into the new combination, and this, 
whether they have been previously arranged in one, 
two, or three compound molecules or groups ; and 
the result is exactly the same as if the attracting 
body had combined with one group of combined 
atoms. 
Example. Hydrocyauic acid, for example, mixes in every 
proportion with water, just as many liquids do, which 
may be mixed without forming a chemical combi- 
nation ; but when the atoms of water and of hydro- 
cyanic acid are in a certain degree of proximity, 
and we add hydrochloric acid to the mixture, the 
mixture acts as if it were a compound of ammonia 
with formic acid. The hydrochloric acid is con- 
verted into sal ammoniac, while the remaining ele- 
ments unite to produce formic acid. Here the 
nitrogen of the hydrocyanic acid and the hydrogen 
of the water, two elements, belonging to two en- 
tirely distinct compounds, act, in reference to the 
hydrochloric acid, as if they were combined to form 
the compound atom which we call ammonia. • 



». 1 
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• In like manner, the formation of the blood con- 
stituents would have equally admitted of explana- 
tion, and would have been equally well explained, 
even had the food contained, instead of one sulphur- 
ised and nitrogenised constituent, two or three com- 
pounds, in one of which was found the sulphur, in 
the second the nitrogen, and in the third the carbon 
required to make up the sum of the elements. 

Under the influence of this idea of the necessity Pibrine dif- 
of identity in the chemical composition of the con- position 
stituents of the blood and those of the food, Mulder i^n and ' 
was first led to assume, in fibrine, the same relative *^*^"*®' 
proportion of atoms of nitrogen and carbon as in 
albumen and caseine, in spite of the analyses of Gay 
Lussac and Th6nard, of Michaelis, of Vogel, and of 
Fellenberg, all of which indicated a larger propor- 
tion of nitrogen in fibrine; and his example, or 
rather^ the influence of his authority, reacted on 
several of those who followed him, who were so far 
misled as to reject as inaccurate the greater number 
of their own accurate analyses, and to give the pre- 
ference to those which were defective. 

The second, and far more serious disadvantage, Erroneous 

▼iews de» 

was the erroneous view of the chemical constitution duced from 
of the three animal substances just named, which posedTlen- 
chemists believed themselves justified in deducing ^^^* 
from the identity of their composition in 100 
parts. 

The question, in what way the elements of fibrine. How are 

the ele» 

albumen, and caseine are arranged, is one of the mentsof 
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these com- most interesting and important in Animal Chemis- 

poands *>■-»-, 

ranged? try. Theso three bodies contained (at that time 
this was still believed in the case of fibrine) an 
equal amount of carbon, nitrogen, hydrogen, and 
oxygen, while there was great difference in their 
physical properties. But we had been long familiar 
Isomeric with groups of compouuds, which, with a perfect 
bn^known. identity of composition, exhibit the most marked 
differences in tneir properties ; this supposed iden- 
tity of composition was not, therefore, surprising. 
In all isomeric substances, more exact research had 
demonstrated, that their elements were differentlv 
arranged, and that, consequently, their chemical 
constitution was to the full as different as were their 
physical properties. Although their composition in 
100 parts was the same, yet their atomic weight, 
or the products of their decomposition, or their 
density in the state of vapour, was different ; the 
variation in their chemical constitution corresponded 
to that of their physical properties. 

m 

But isomer- What, now, accordiuff to these previous observa- 

ism was not 

supposed to tions, was the cause of the great dissimilarity in 

furnish the ^ 

explanation the properties of the above-mentioned animal sub- 
here. ^ * 

stances? If their elements were differently ar- 
ranged, or the products of their decomposition or 
transformation different, this formed, of course, no 
obstacle to the probable conversion of one into the 
other, of caseine or fibrine into albumen, or of albu- 
men into caseine and fibrine, since the study of 
isomeric substances had taught us, that in many 



^■« 
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cases, even where the difference of chemical consti- 
tution was very great, such traasformations of one 
into another actually occur. All this was left unex- 
plored. The chemist who first entered in this field au these 

substances 

of research, which promised so abundant a harvest, were sup- 
assumed, on the strength of the most defective ex- contain a 
periments, that in these three substances the four fiTmLts, 
above-named elements were combined, exactly in 
the same way in all, to form a group, which group 
constituted a distinct substance, capable of being 
isolated, to which the name of proteine was given, called pro- 
Assuming the chemical constitution of this group '""" 
as the same in all three bodies, what was now the 
origin of so great a difference in properties bb they 
presented ? The cause of this difference was sought 
for in a fifth element, or in a second group. 

It was found, namely, that all these animal sub- combined 

witb variou s 

stances contain a certain amount of sulphur ; it was proportions 
assumed, that some of them contained also a certain ^d^pho^-*^ 
amount of phosphorus ; and the variation in their ^ ^^^^* 
properties was ascribed to the presence of this sul- 
phur, or sulphur and phosphorus. (The existence although 
of phosphorus, as an essential element of these sub- no7shown 

. -I A T -I • i to contain 

stances, has not, however, been in any way esta- phospho- 
blished.) In this way an organic radical, or a body ^^' 
analogous to organic radicals, was created ; a body 
formed by the combination of twelve hundred ele- 
mentary atoms, a group of twelve hundred atoms, 
the physical character of which was determined by 
the addition of one or more atoms of sulphur, or of 
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sulphur and phosphorus. To support this view, a 
property was imagiaed, which a compound of sul- 
phur could not possibly exhibit. The sulphur, 
which in these compounds caused such striking dif- 
ferences, was as loosely combined with the proteine, 
as we find it in a mixture of iron filings or sawdust 
with sulphur. It was supposed, that when these 
substances are acted on by an alkali, the sulphur 
was detached from the proteine, just as easily as if 
it had not been combined with.it; it dissolved in 
the form of sulphuret of potassium and hyposulphite 
of potash ; the proteine was thus set free, and dis- 
solved also in the excess of alkali ; and when this 
alkaline liquid was neutralised by an acid, the fun- 
damental constituent of these animal substances, the 
proteine, was obtained in the form of a gelatinous 
Supposed precipitate. The idea of the sulphuret, or of the 
proteine, sulpho-phosphuret, of proteiuc, led at once to a 



&c. 



series of oxides of proteine, to a multitude of ima- 
ginary substances, to which was now ascribed, as of 
old to phlogiston in chemical processes, the function 
of determining and effecting all the changes which 
occur in the vital process. 

Let us now see to what truths this supposition 

has led, and how it explains the differences in the 

properties of the animal substances. In the latest 

work of Mulder above quoted (p. 316), the consti- 

Composi- tution of the proteine compounds is represented as 

tion of ani« >, ^. 

mal sub- tollOWS : 
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Crystalline humour contains for 15 eq.Proteineleq. Sulphur stances ac- 

Caseine „ 10 „ 1 >» cording to 

Vegetable gelatine „ 10 „ 2 „ Mulder. 

Albumen of eggs ,, 10 „ 1 „ &leq. Phosphorus 

Fibrine ,, 10 ,, 1 ,, 1 „. 

Albumen of blood ,, 10 „ 2 ,, 1 ,, 

We have now reached the ultimate object of this 
theory; and the question, What insight has it af- 
forded ? is answered by a glance at the above table. 

The albumen of the blood, the properties of which Albumen of 
coincide so closely with those of the albumen of to differ 
eggs, chemically as well as physically, contains twice men of 
as much sulphur. Here, similarity of properties ^^^^* 
accompanies a difference in composition ; and from 
this we can draw no other conclusion than this, that 
the sulphur, the amount of which varies, has no 
influence on these properties. 
• But what is the cause of the great difierence wMiefi- 

brine has 

between the properties of fibrine and those of the the same 
albumen of eggs ? Is it sulphur or phosphorus ? No. 7^^^^. 
These substances contain (according to Mulder) the eggs. 
same quantities ofproteine, sulphur^ and phosphorus. 

Such is the progress which Animal Chemistry has Such views 

_ , ^ , , _ constitute 

made m eleven years in regard to the chemical no real pro- 

firress 

constitution of the blood constituents ; we know as 
much of it now, as we did forty years since ; not to 
mention that the assumption of the presence of 
phosphorus in albumen and fibrine, an assumption 
resting on the most frivolous experiments, renders 
the explanation of the transformation of the caseine 
of milk into blood utterly impossible. 

Any one who will take the trouble to prepare Sulphur 

exists in 
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twoformfl the so-called proteine according to the directions of 

in animal , _ 

flabstanoea; Mulder^ must immediately perceive that sulphur is 
contained in fibrine, albumen, and caseine in two 
distinct forms of combination, 
in the form If we supposo thcso bodios to cousist of several 
^re in* groups of atoms, of which groups two contain sul- 
*^*^ phur, the action of alkalies on them points out that 
the sulphur in one of these compounds exhibits the 
same relations as the sulphur in cystine ; the sul- 
phur of this compound combines with potassium, 
while it is replaced by the oxygen of the potash ; 
but the other compound of sulphur remains un- 
andtntau- changed, and its sulphur exhibits the relations of 
that contained in taurine. We observe, moreover, 
that the former (the more easily decomposed) of 
these sulphur compounds preponderates in the albu- 
men of the blood ; the latter in caseine. 

Any one who reads the note which I published 
thirteen months ago in the " Annalen der Chemie 
und Pharmacie '' (vol. Ivii. p. 133), on these ques- 
tions, will admit, that it was impossible to use 
greater forbearance in pointing out to the author 
of the proteine theory the error into which he had 
fallen than I then did, while I afforded him the oppor- 
tunity of repeating his experiments. The result, 
however, was the publication of his recent pam- 
phlet, a work which I shall not further notice, pre- 
ferring to leave the facts, as now ascertained and 
generally admitted, to speak for themselves. 
RcTOits of It now appears, as the result of the more accurate 

recent re- 
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inyestieations of Laskowski; Riilinff, Verdeil, Wal- searches. 

^ Larger 

ther, and Fleitmann, that the amount of sulphur amount of 

• 1 . sulphur 

present in the blood constituents is three times, m present. 
many cases four times, as great as the apparently 
well established analyses of the author of the pro- 
teine theory had indicated. It fiirther appears, that Protcine 
a body, destitute of sulphur, and having the compo- obtained by 
sition of proteine, is not obtained by the methods methods. 
given by Mulder ; that fibrine differs in composition 
from albumen ; that the albumen of eggs contains not 
less, but more sulphur than the albumen of the 
blood, which sufficiently explains the disengagement 
of sulphuretted hydrogen in the experiments made 
with the former on artificial digestion. The study Products of 

the decom- 

of the products, which caseine yields when acted on position of 

caseine, ge- 

by concentrated hydrochloric acid, of which, as Bopp latine, and 
has found. Tyrosine and Leucine constitute the consti. 

tuents 

chief part, and the accurate determination of the 
products which the blood constituents, caseine, and 
gelatine, yield when oxidised, among which the 
most remarkable are oil of bitter almonds, butyric 
acid, aldehyde, butyric aldehyde, valerianic acid, 
valeronitrile, and valeracetonitrile, have opened up 
a new and fertile field of research intc^ numberless 
relations of the food to the digestive process, and 
into the action of remedies in morbid conditions ; 
discoveries of the most wonderful kind, which no 
one could have even imagined a few years ago ; and 
the investigation which I now proceed to describe, 
will, I trust, contribute to excite the hopes of che- 
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mists and of physiologists, and encourage them to 
direct their eflTorts, more than they have hitherto 
done, towards this department of science. 



Section II. 



On the Constittients of the Juices of Flesh. 
Add reac- It has long been known that the flesh of newly- 

tion of the 

juices of killed animals reddens blue litmus paper, while 
nothing certain is known as to the nature of the 
free acid which causes this reddening. Berzelius, 
in his detailed investigation of the juice of flesh, 
observes on this subject as follows :* — 

OpinwM of « When the liquid " (obtained by pressure from 
the muscular substance) " out of which the albumen 
" and the colouring matter have been coagulated, 
" is evaporated after filtration, it leaves a yellowish 
" brown extract, of which alcohol takes up the half or 
" more with a yellow colour. After the evaporation 
" of this solution there is left an extract-like mass, 
" mixed with crystals of common salt, which has a 
" strong acid reaction, and notwithstanding leaves 
" on incinei^ation an ash containing an alkaline car- 
" bonate, thus proving that the mass contained an 
" organic acid, partly free, partly combined with 
" alkali. If the alcoholic solution be mixed with a 
solution of tartaric acid in alcohol, potash, soda, 
and lime are deposited in the form of tartrates, and 

* Handbuch, vol. ix. p. 573. 
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^^ there remains in the alcoholic solution, along with 
*^ tartaric and hydrochloric acids, a comhustihle acid 
" dissolved. The solution is digested with finely- 
" divided carbonate of lead, till lead is detected in 
f* the liquid ; it is then evaporated, the lead preci- 
" pitated by sulphuretted hydrogen, the acid liquid 
" boiled with animal charcoal and evaporated. It 
" leaves a colourless, very acid syrup, possessing all 
" the characters of lactic acid, but still retaining a 
" portion of extractive matter mixed with it." 

This is essentially the amount of all that is known 
in regard to the nature of the free acid present in 
the muscles. 

In his researches on urine and on milk, Berze- 
lius, by employing a similar process, obtained also 
strongly acid extractive substances, the properties 
and chemical relations of which he explained by the 
presence of lactic a^id. 

Whether these statements can at the present time i« lactic 

acid pre- 

be regarded as proofs of the existence of lactic acid, sent ? 
that is, of the acid now called by that name, will be 
best seen from the opinions which Berzelius enter- 
tained concerning the nature of lactic acid, both at 
the time when his researches were made (1807), 
and subsequently (1823 and 1828). 

On the occasion of his report on DanieU's lampic Earlier and 

later views 

acid, Berzelius observes,* " These researches render ofBerzeiins 

as to the 

" it very probable that the lactic acid, which occurs nature of 

lactic acid 

" SO frequently in the animal kingdom, and which I 

* Jahresbericht, Jahrgang ii. p. 72. 
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LACTIC ACID, TILL LATELY, 



in 1807, 
1823, 



1828, 



* have endeavoured to prove in a former work to 

* be different from acetic acid, is likewise nothing 

* more than a similar combination of acetic acid 

* with a peculiar animal substance, which accompar- 

* nies it in its salts, is the cause of the differ- 

* ences between these salts and the acetates, and 
' moreover prevents the volatilisation of the acid, 

* as long as the foreign matter is not destroyed. 

* A further inducement to adopt this opinion is 
' derived from the circumstance, that concentrated 
^ lactic acid, when neutralised with caustic ammonia 

* and heated, yields distinctly vapours of acetate of 

* ammonia, becoming acid at the same time/' 

In the seventh yearly volume of his Jahresbe- 
richt, Berzelius again observes, in considering Tie- 
demann and Gmelin's important researches on 
digestion, on the occasion of their mentioning 
acetate of potash as an ingredient of saliva (p. 200), 

* They " (Tiedemann and Gmelin) " assume, on the 

* authority of Fourcroy and Vauquelin, as well as of 

* their own experiments, and, as they say, of mine 

* also, that lactic acid is only acetic acid, rendered im- 

* pure by the presence of an animal matter. I have 
' certainly made experiments with the purpose of 
' resolving lactic acid into acetic acid and a foreign 
' substance ; but I am not aware that I have ever 

* succeeded in doing so ; and as long as we cannot 
' obtain acetic acid from it without destructive 
' distillation, or as long as lactic acid cannot be 

* formed from acetic acid and an animal substance, 



66 



VERY IMPERFECTLY KNOWN. 31 

^ SO long it is best to retain the name of lactic acid ; 
" for if lactic acid be a chemical compound of acetic 
^^ acid with an animal substance, which enters into 
^^ the composition of the salts, and deprives the acetic 
" acid of its volatility, it would be as inaccurate to 
call these salts acetates, as to call the sulphovi- 
nates or nitroleucates sulphates or nitrates." 
In his last investigation on this subject,* Berze- and 1832. 
lius describes some experiments, from which it might 
be concluded that lactic acid contains no acetic acid, 
and he terminates his researches with the following 
words : — •^ Future investigations must be chiefly 
" directed to ascertain, whether that which has been 
" called lactic acid be a mixture of two acids, which 
^* resemble each other, but yet yield different salts." 

From these passages it is evident, that, at the The true 
time when chemists began to reckon lactic acid lactic add 
among the ingredients of the fluid of the muscles. Sillers'^" 
the properties of the acid now known by that name ^ ^^*"' 
were almost entirely unknown : so much so that the 
acid discovered by Braconnot, which is formed in 
rice-water and in the juice of beet-root, ^ was consi- 
dered as a peculiar acid, till L. Gmelin proved it to 
be identical with the acid of sour milk, and C. 
Mitscherlich described his method of obtaining lactic 
acid from sour milk in a state of purity. 

It is plain that the assumption of the existence of The former 

1 . . . 1. evidence of 

lactic acid in the animal body, founded, forty years the pre- 

. 1.11 11 senceoflac- 

ago, on grounds so uncertain and variable, could no tic add in 

the body ig 
* Annalen der Pharmacie, vol. i. p. 1. 1832. 
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no longer longer bo admitted in our day, more particularly as 
no chemist, after Berzelius, has occupied himself 
with a more exact study of the subject, or has 
attempted to prove that the acid of the muscles is 
identical with that of sour milk. This identity, or 
indeed the presence of a non-nitrogenised organic 
acid as an ingredient of the living body, was ren- 
dered still more doubtful and improbable, when the 

especiaUy accurato investigation of urine, in which lactic 

as it has 

been shown acid was Said to be present, had proved the absence 

in urine. of it iu that fluid. 

What is the I regarded the determination of the nature of 

acid of the 

gastric the acid difiused through the chief mass of the 

juice ' 

body, as the more important, that this alone could 
give us an explanation of the nature and origin of 
the acid which takes a share in the digestive pro- 
cess. The acid of the gastric juice is not formed 
during digestion from the ingredients of the food, 
which in themselves are not acid, but is secreted 
from the lining membrane of the stomach even in 
the fasting state. If this acid were an ingredient of 
the blood, then it must admit of being detected in 
the blood or in some other part of the body. 
Supposed Several French chemists, resting their conclusions 
very "efw^ ou qualitative researches, have indeed stated that 
dlnc^It'o be the acid of the gastric juice is lactic acid ; but the 
lactic acid, y^^^^^^j^^ which woro held to prove the presence of 

lactic acid, either do not belong to that acid,* or 
are such as lactic acid possesses in common with 

* See Annalen der Chemie und Pharmacie, vol. Ixi. p. 216. 
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other acids, particularly with phosphoric acid, which 
is never absent in animal fluids. 

In 1835, Chevreul described, as an ingredient of Krcatine 

discovered 

the liquid obtained by boiling flesh with water, a by chev- 
new substance, under the name of Kreatine (from 
xgso^, flesh), which was distinguished by its proper- 
ties from all known compounds. He obtained it in . 
very small quantity by acting with alcohol on the 
residue obtained by evaporating the soup in vacuo. 

The properties of kreatine, as observed by this His account 
^ ^ "^ . of its pro- 

distinguished chemist, are as follows : " Kreatine is perties. 

" distinguished by the transparency of its crystals, 

" which are right-angled prisms of mother-of-pearl 

" lustre ; it is heavier than nitric acid of sp. g. 1'34 

" and lighter than sulphuric acid of sp, g. 1*84. It 

" has no action on vegetable colours ; its solution in 

water is not precipitated by chloride of barium, 

by oxalate of ammonia, nitrate of silver, sulphate 

" of copper, protosulphate of iron, subacetate of 

lead, or bichloride of platinum. 1,000 parts of 

water at 16° C. (64° F.) dissolve 12-04 parts of 

" kreatine ; alcohol of sp. g. 0*804 dissolves about 

flooo ^h of its weight. Its solution in nitric acid, 

when warmed, gives off nitrous acid, and leaves 

on evaporation a residue, which gives a precipitate 

" with chloride of platinum, and deposits small 

« granular crystals. Kreatine dissolves in hydro- 

" chloric acid : the solution gives on evaporation 

" colourless dendritic crystals, which do not precipi- 

" tate bichloride qf platinum. 

D 
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** In its aqueous solution, kreatine is sponta-^ 
" neously although slowly decomposed, there is 
" observed a distinct odour of ammonia along 
with a heavy, mawkish smell ; the liquid loses its 
transparency. 
'' When heated in a small tube, kreatine decrepi- 
** tates, gives ofF water, becomes opaque and dull, 
*^ then melts without becoming coloured, and is finally 
^^ decomposed, ammonia being disengaged, along 
** with a smell of hydrocyanic acid and phosphorus. 
" There is condensed in the upper part of the tube 
" a yellow vapour, partly in the liquid state, partly 
*^ in the form of crystals. The carbonaceous residue 
*' is trifling, and leaves on incineration ia mere trace 
^^ of ashes,, which contain no chloride of sodium. 

^^ Kreatine contains water of crystallisation, which 
" Ml expelled by a heat of 212° ; its ultimate ele- 
" ments are carbon, hydrogen, nitrogen, and oxygen, 
^^ in proportions not yet ascertained.'^ (Journal de 
Pharmacie, vol. xxi. p. 296.) 
Opinion of Chevrcul compares thia substance vnth asparagine, 
toSs'na." and shows that it cannot be confounded with that 
^^^ substance. He adds that kreatine, when acted on 

by baryta, yields an acid very different firom aspartic 
acid. " Perhaps,'^ he' says, " it is an ammoniacal 
" salt, formed by the combination of ammonia with 
« an organic acid." 
Berzciius After Chevreul had published his observations on 
to obtain it. the occurreucc of kreatine, several chemists endea- 
voured again to obtain this sub.staiice. Berzelius 
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observes on this subject, in his " Handbiich,'* that 

" After the discovery of Chevreul became known, I 

"tried in vain to prepare this substance from 

" raw beef. Meantime I have had an opportunity His opi- 

" of seeing kreatme in the possession of that dis- ^^^' 

" tinguished chemist. It would appear, there- 

" fore, rather to be an accidental ingredient, the 

** presence of which depends on peculiar circum- 

" stances in the feeding of the cattle, and which 

** therefore is sometimes pt^serit and at other times 

" absent. If, accordingly, it should be found in the 

" liquid in which beef has been boiled, it would 

" evidently be the product of a metamorphosis.*' 

Wohler observes, in a note on this passage, " I have Wohier ob. 

" obtained this substance from the soup of 8 lbs. of is not aiian- 

" beef, in yellowish crystals. It is not allantoine, 

" as I suspected it might be.^* 

Schlossberger, in his examination of the muscles ScWossbcr- 

ger finds it 

of the alligator,* says, ^ The aqueous extract of the in the flesh 

-_._.• J • of the alli- 

^* flesh, heated to coagulate the albumen, filtered, gator. 
" and evaporated in the vra,ter-bath, yielded a 
** brownish-yellow synip, pretty strongly acid, vdth 
" an odour of roast meat, such as is understood 
" under the term Osmazome, as obtained from ordi- 
*' nary flesh. Hot alcohol dissolved a considerable 
** part with a yellow colour, and deposited on cool- 
** ing small cubical yellovdsh crystals, which may be 
^' washed with water, or better with alcohol. Thus 
^* purified, they had all the characters of ChevreuFs 

* Annalen der Chemie und Phannacie, vol. xlix. p. 343. 

d2 
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" kreatine. When heated, they become white and 
" opaque, then melt, giving out a yellow vapour and 
« an ammoniMal empyreumatic odour, leaving a 
" coal, which, after long ignition, leaves a mere 
" trace of ashes. Heated with nitric acid on the' 
^^ platinum spatula, they caused, for an instant, on 
" the addition of ammonia, a rich yellow colour, soon 
" passing into brown. They dissolved in strong 
" nitric acid with the evolution of yellow vapours, 
" and the solution, when evaporated, left a white 
" residue. The aqueous solution of the crystals is 
" not precipitated by nitrate of silver, subacetate of 
" lead, or salts of barjrta. Unfortunately the quan- 
" tity in my possession was not sufficient for an 
" elementary analysis, since from several pounds of 
" flesh I only obtained 0*15 gramme (2*3 grains); 
" At all events,'* continues Dr. Schlossberger, " it 
" is desirable to recotnnience the search for this 
" singular substance, which- Chevreul discovered in 
" the soup of the Dutch Company, but which Ber-» 
" zelius and Simon could not obtain. I myself was 
* " also unable to detect it in my numerous analyses of 
" flesh in 1838, although I expressly sought for it; 
" Wohler has obtained a small quantity from ox flesh; 
^* and has determined that it is not allantoine. It 
Schiossber- " would appear therefore either not usually to occur 
nion. " in the substance of the muscles, or to occur in so 

small a quantity that it cannot be detected. How-* 
ever this may be, the detection of this substance, so 
well characterized by its tendency to crystallise 
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^' and its whole cheliiical character, in the flesh of 
^^ animals so widely separated as the ox and the 
" crocodile, must be regarded as a fact worthy of 
" attention." 

This is the essential part of all that is known from Results of 
previous researches in regard to lactic acid and researches 
kreatine as ingredients of flesh. With respect to 
the other substances which are spoken of in chemical 
works as ingredients of flesh, I believe I need make 
no further quotations, since their intimate chemical 
-relations are entirely unknown, and they offer no 
remarkable peculiarities beyond the facts that they 
are precipitated by acetate and subacetate of lead, 
by corrosive sublimate, tannic add, or chloride of tin. 

In the early part of my investigation I succeeded, The author 

succeeds in 

after many fruitless attempts, in obtaining a small obtaining 

kreatine, 

quantity of kreatine from the juice of the flesh of 
fowls, and the study of its chemical relations soon 
showed, that this substance, during the evaporation 
of the fluid, loses its power of crystallising, inconse- 
quence of a change which it undergoes under the 
influence of the free acid present in the solution, 
and that in this way its purification and preparation 
are rendered much more difficult. The separation 
of the non-nitrogenised acid, which I soon found to 
be present in the juice of flesh, was at first attended 
with no small difficulties, and ultimately it is only 
the more exact acquaintance with the other sub- and in de- 
stances occurring in this fluid, which has led to the pie methods 
'simple methods of preparing and separating them, the constlu^ 
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tuents of to be described in the following pageci in the order 

in which they present themselves to the obBerver, 
Flesh ex. Whoa the finely ininced flesh of newly-killed 
water. animals is extracted by water, there is obtained a 
red or reddish coloured fluid, having the taste which 
is peculiar to the blood of different classes of 
aninmls. If this fluid be heated in the water-bath, 
the albumen, as Berzelius has observed, coagulates 
first, itnd the liquid retains its red colour. The 
Aibamen albumQn at fin^t separates as a nearly colourless 
ing matter coaguliim, which aftcrwards collects in denser floc- 
b^^t. culent masses, and the colouring matter is only sepa- 
rated at a considerably higher temperature. It is easy 
to observe the point at which the albumen has been 
entirely coagulated, while the red colouring matter 
still remains in solution. It is now only necessary 
to bring the liquid into actual ebullition in a silver 
or porcelain vessel, in order to separate the whole of 
the colouring matter in the coagulated state, and we 
The filtered thus obtain a liquid easily filtered, which reddens 

liquid is 

acid. litmus powerftiUy. The coagulated albumen, as 

well as the undissolved fibrine and cellular tissue, 
have also an acid reaction, which cannot be removed 
by washing with water. The insoluble residue of 
the flesh (fibrine, cellular tissue, &c.), when boiled 
with water, becomes opaque, milk-white, of horny 
hardness, and the water acquires by dissolving gela- 
tine the property of gelatinising on cooling, when 
sufficiently concentrated. 

A good If we desire to obtain the soluble constituents of 
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the muscular substance without great loss, and with- press is in- 

. . /. dispensable. 

out using inconyemently large quantities oi water, 

a good press is indispensable. We. can, it is true, 

by the process I am about to describe, obtain with 

ease each of the substances mentioned, but to this 

end it is not advisable to operate on less' than from 

8 to 10 lbs. of flesh. It is only necessary to reflect SmaU pro- 
portion of 

that flesh contains from 76 to 79 per cent, of water, soiuWe 

matter in 

and from 2 to ^ per cent, of soluble albumen, and flesh. 
that after extraction with water there are left from 
17 to 18 per cent, of fibrine and other insoluble 
matters, in order to perceive that even when we 
employ 10 lbs. and upwards of flesh we are still 
operating on comparatively small quantities of the 
soluble constituents. (On the average, the soluble sorioibs. 
matter of 10 lbs. of flesh, after the coagulation of the should be 
albumen and colouring matter, does not exceed 
4 oz., and of this a very considerable proportion 
consists of inorganic salts^ the phosphates being par- 
ticularly abundant, while the remainder is formed of 
not less than five organic compounds.) 

Supposing that 10 lbs. of flesh are to be operated Best mode 
upon, the half of this quantity is taken, and covered tion. 
with '6 lbs. of water. The mixture is carefully 
kneaded with the hands, and is then pressed as 
completely as possible in a bag of coarse linen. The 
pressed residue is a second time carefully kneaded 
with 6 lbs. of water, and again pressed. The fluid 
of the first pressing is set aside for further opera- 
tions, that of the second being, used for the first 
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extraction of the second half of the flesh. In 
like manner the residue of 4he first half is a third 
time treated with 5 lbs. of water, and the expressed 
fluid serves for the second extraction of the second 
half, wWch is finally extracted a third time with pure 
water,, in which it is allowed to soften, and again 
pressed out. 
Coaguia- ^ The united liquids are passed through a clean 
albumen cloth to Separate any fragments of muscular fibre, 
fng TOttCT. and then introduced into a large glass globe, which is 
placed in a pan of water, the latter being gradually 
heated to the boiling point, and kept at this tem- 
perature till the liquid has lost its colour, and the 
whole of the albumen and colouring matter have 
separated in a coagulum. When a portion, heated 
to boiling in a test tube, remains clear, and deposits 
no flocculi, this operation is completed. 

In many kinds of flesh, it is necessary, in order to 
separate the last traces of colouring matter after the 
coagulation of the albumen, to remove the liquid 
from the globe, and bring it into actual ebullition in 
a silver or porcelain vessel, which is so much the 
more easily done that the adhesion of the coagulum 
to the bottom of the vessel, where it. would be 
singed or burnt, is no longer to be dreaded. It is 
All visible moreover advisable, to remove all visible fat as 
be removed. Completely as possible from the flesh, or to select 
the flesh of lean animals, because the fat very much 
impedes both the extraction of the flesh with water 
and the pressing pf the naass. When fet flesh is 
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used, the cloths or bags in which it is pressed 
become quickly useless, their pores being clogged 
with fat. 

The liquid, after the coagulation of the albu- chaiteten 
men and colouring matter, is strained through a quid^iter. 
cloth, the coagulum pressed, and the united liquids ^aguium.* 
filtered. 

The colour of the filtered liquid varies with the 
kind of flesh. That from flesh very fiill of blood, 
as is that of the ox, roe-deer, hare, and fox, has a 
reddish colour ; while that from veal and fowl, as well 
as. that from fish, is hardly coloured. 

For the preparation of kreatine, the flesh of wild 
animals and of common fowls is the best adapted. 
The liquid obtained from these kinds of flesh is, 
when filtered, clear and limpid ; that of the horse and 
of fish is always turbid ; the taste of all is nearly the 
same, and the fluid from the flesh of the fox is in 
this respect not distinguishable from that derived 
from lean beef. The fluid from the flesh of the 
marten possesses a distinct musky smell, which 
becomes more decided when it is heated and evapo- 
rated. 

All the different fluids obtained by the above TheKqmd 

18 ftlw&VS 

process have an acid reaction, which appears to me add, 
the more worthy of notice, that, in the case of the 
ox, sheep, and game, it can only be obtained mixed 
with a proportionally large quantity of blood ; and 
yet the alkali contained in the blood, on which its 
alkaline reaction depends, is yet not suflicient to 
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neutralise the free acid present in the fluid of the 
flesh. Indeed, I believe that in most animals, if 
we suppose the whole mass of blood in the vessels 
to be mixed with the whole fluid of the muscles, 
and does the mixturo would retain, not a neutral or alka- 

hot become 

neutral line, but an acid reaction. In the hare, the amount 

when the 

blood ia of whose blood is proportionally small, this is cer- 

addedtoit. . , - 

tamly the case. 

The acid If the clear liquid, as obtained by filtration, be 

evaporation couceutrated over the open fire, even without being 

b^^^and heated to the boiling point, it becomes gradually 

cryrtaJsT darker in colour, and at last leaves a dark brown 

syrup, with a smell of roast meat, in which traces of 

kreatine in crystals only appear after it has stood 

for a long time. The brown colour is in part caused ' 

by the formation of a deposit of dissolved matter, 

which attaches itself to the bottom of the vessel, 

and in consequence of the higher i temperature to 

which.it is there exposed, passes into a dark soluble 

substance ; but even when this deposit is avoided, 

as, for example, when the evaporation is conducted 

in the water-bath, the dark colour infallibly appears. 

The add The chief cause of it, besides the temperature, is the 

moved ' presence in the liquid of free acid, which must be 

removed before evaporation; 
by theaddi. To this cud there is added to the liquid a concen- 

tion of ba- 
ryta, trated aqueous solution of baryta, as long as it pro- 
duces a white precipitate. After a certain quantity 
of baryta has been added, the liquid becomes neu- 
tral or even alkaline, but this must not prevent us 
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from adding it ag lopg as it causes the slightest tur- 
bidity, in a filtered pprtion of the liquid. 

The precipitate thus fotmed consists of phosphate Phosphates 

111 i» . 1 .are predpi- 

of baryta^.and phosphate of magnesia, 'and contains uted. 
none of the double phoisphate of amindnia and mag- 
nesia ; nor is ammonia disengaged by the Addition 
of baryta. In one operation alone, out of many, was No ammo. 

J. .. . X* i» • 1 • nia is dia- 

a distmct o^paration of ammonia observed. engaged, 

The precipitate fh)m the liquid derived from the and no sui- 
flesh of fowls dissolves in. diluted hydrochloric acid found in 
without residue ; and in those cases in which sul- utef"^^*' 
phate of baryta remains undissolved, its quantity, 
compared with, that of the flesh, is so trifling, that 
we may ascribe with perfect certainty the sulphuric 
acid thus indicated to the mixture of a little blood. 

After the separation of the precipitate, which The filtered 
contains the whole phosphoric acid of the fluid of be gently 
flesh, the filtered liquid is divided into flat porce- ^^^^^"^ 
lain dishefi, and cpncentrated in the water-bath or 
sand-bath, taking care that it never boild. If thd 
upper edge, of the evaporating dish be allowed to 
become hotter than the liquid, a portion is always 
dried up on this part, forming a dark broVra ring, 
which, on the addition of fresh liquid, dissolves in it 
without perceptibly colouring it ; but in this case the 
colour comes out when the liquid is concentrated. 
When the liquid from fowls' flesh, after the action 
of baryta, is evaporated, it continues perfectly clear, 
only if an excess of baryta has been added, a film of 
carbonate of baryta forms on the surface. 
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In the evaporation of the same fluid from beef, 
there is formed, when it has acquired a syrupy con- 
sistence, a mucilaginous skin on the surface, which, 
when divided in water, swells up without dissolving. 
A skin In the case of the flesh of the calf and of the horse, 
some cases thoso skius or membraues succeed each othe^ con- 
pomtiom *" tiuually ; they may be removed as coherent mem- 
branes, and they must be taken away as often as 
their formation is repeated. 
The con. When the fluid has been reduced to about ^ of 

eentntted 

liquid de. its Original volume, and has acquired a thickish con- 
tine in crysl sistence, it is placed in a moderately warm situa- 
tion, and left to evaporate slowly. Very soon small, 
distinct, short, colourless needles appear on the sur- 
face, which increase on standing, and on cooling, so 
that the walls of the vessel are gradually covered 
^ith them. 

These crystals are kreatine. 
The process thus described applies to all the 
different kinds of flesh above mentioned, except 
that of fish, for which a modification of it is re- 
quired. 
Modifica- The flosh of fishes, when finely minced, cannot be 

tion of the 

prooesa for presscd ; it swells up with water to a mucilaginous 
mass, which clogs lip the pores of the cloth. We 
have, therefore, no choice but to mix it with twice 
as much water as above recommended, to throw the 
mixture on a funnel, and to displace the fluids by 
repeated affusion of small quantities of water. The 
infusion is * colourless, slightly opalescent, has an 
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acid reaction and a very marked taste and smell of 
fish. When heated, it yields a perfectly white, soft 
coagulnm, and after the addition of baryta, when 
evaporated and allowed to cool, yields a colourless 
jelly, in which, when allowed to rest, very distinct 
and regular crystals of kreatine form after twenty- 
four hours. 

The quantity of kreatine, obtained from different Pi-oportion 
kinds * of flesh, is very unequal. Of all kinds, the hi different 
flesh of fowl and that of the marten contain the Ae'sh! ° 
most, then that of the horse, the fox, the roe-deer, 
the red deer and hare, the ox, pig, calf, and finally 
that of fishes. 

The variation in the amount of kreatine is striking it » greater 
even in animals of the same class. The flesh of S confiaeT 
a fox, fed on flesh for two hundred days in the "^'^" 
anatomical rooms at Giessen, did not yield so much 
as the tenth part of the quantity of kreatine obtained 
from foxes killed in the chase. 

The amount of kreatine in the muscles of an its amomit 
animal stands in an obvious relation to that of fat, tiontothat 
or to the causes which determine the deposition of ° * " 
fat. From fat flesh there are often obtained mere 
traces of kreatine, and always much less than from 
lean flesh, for the same amount of muscular fibre* 
The fox above mentioned, which had been fed, 
yielded more than 1 lb. of fat from the omentum, 
while in foxes hunted or shot hardly any fat was 
visible. 

From 100 lbs, (Hessian) of the flesh of an old, ^''^''\ , 

^ ' ^ amount of 
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kreatine lean horse, there were obtained nearly 36 grammefir 

obtained by , i/ o 

the author. (555 grains) of kreatine. 116 lean fowls yielded 
about 72 granimes (1,110 grains) ; and 86 lbs. of beef 
30 grammes (463 grains). 

The weight of the flesh, of a fowl was, on an 

average 203 grammes (3,134 grains, or about 7 oz. 

avoirdupois) ; that of wild foxes weighed from* 2 to 

2| lbs. (Hessian) ♦ 

Kreatine I havo fouud, as idreadj stated, kreatine in the 

the higher flosh of the OX, sheop, pig, calf, roe-deer, hare, mar- 

animals, ten, fox, red deer, common fowl, and fish ; and as 

it cannot be doubted that the crystals obtained by 

Schlossberger from the flesh of the alligator were 

also kreatine, it may fairly be concluded that this 

substance is an ingredient of the muscles of all thc^ 

higher classes of animals. 

It is not I have not been able, by the same process, to 

to be 

* Note by the Editor. -^The figures in the text, wHen reduced 
to 1000 parts, indicate that 

1000 parts of the flesh of Fowl yielded 3H)5 kr^atiM (crude ?) 
1000 „ the Horse „ 0^79 „ 

1000 „ the Ox „ 0-697 ., 

In one experiment I obtained from the flesh of eight fowls, 
weighing hardly 3j| lbs., 78'75 grains of purified kreatine, or 
3*21 parts from 1000. A second experiment, with the same 
quantity of flesh, yielded 71 grains of pure kreatine, or 2*9 parts 
in 1000. Not having been provided^ with^a proper preas, consi- 
derable loss was unavoidably sustained in both these experiments^ 
which were also made on a smaller scale than is recommended 
in the text. The average of the two agrees exactly with the 
result obtained by the author, namely, from fowl 3*05 parts in 
1000.— W.G. 
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detect kreatine in the substance of the brain, of the fonndinthe 
liver, or of the kidneys ; but it is present in abun^ or kidneys', 
dant quantity in the heart of the ox, so that this heart con- 
organ is especially adapted for its preparation. The 
study of the substance of the brain and liver 
presented a number of peculiarities, which promise 
valuable results on a closer investigation. Thus, 
for example, when the substance of the brain is Pecuiian- 
rubbed with barytic water to a thin emulsion, ofinvesti- 
passed through a fine hair-sieve, and heated to boil- brain'^and 
ing, there is obtained a coagulum, in which is con- 
tained all the fet of the brain, and a clear yellowish 
liquid, which when deprived of the excess of baryta 
by a current of carbonic acid gas, and subsequent 
boiling, contains two salts of baryta, one of which 
is soluble in alcohol. Both are soluble in water, 
and give with acids a white flocculent precipitate. 



Kreatine. 

The crystals of kreatine, obtained as above de- Purification 
scribed, are separated from the mother liquid by a ^ ^ ^ 
filter, washed, first with a little water, then with 
alcohol, and dissolved in boiling water. If the 
solution . should be coloured, some animal charcoal 
(from blood) is added, and a very small quantity is 
sufficient to give a liquid which, when filtered, is 
colourless and limpid, and which, on cooling, de- 
posits the kreatine in perfectly pure crystals. 

If the phosphoric acid has not been entirely 
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removed by means of baryta, then the original 
crystals are mixed with phosphate of magnesia^ of 
which the greater part is left behind on recrystallisa- 
tion ; but a small portion dissolves and is deposited 
along with the crystals of kreatine. To remove this 
impurity, the filtered solution is boiled with a little 
hydrated oxide of lead, filtered, and then treated 
with a little animal charcoal, which absorbs the 
traces of oxide of lead that may have, been dis- 
solved. 
Deicription The crystals of kreatine are colourlesis, perfectly 

of the crys- 

tau. transparent, and of the highest lustre ; they belong 

to the klinorhombic system, and form groups, the 
character of which is exactly similar to that of sugar 
of lead. At 212^, the crystals become dull and 
opaque, with loss of water. 
Analysis of 0*485 gramme of crystallised kreatine lost at 
212®, 0"059 gramme of water = 12*16 per cent. 

0'3582 gm. of crystallised kreatine lost at 212% 
0*044 gm. of water = 12*28 per cent. 

0*5835 gm. of crystallised kreatine lost at 212% 
0*0705 gm. of water = 12*08 per cent. 

0*603 gm. of crystallised kreatine lost at 212% 
0*0753 gm. of water = 12*18 per cent. 

Hence 100 parts lost, on an average, at 212% 
12*17 parts of water of crystallisation. 

The combustion of dried as well as of crystallised 
kreatine with oxide of copper, yielded a gaseous 
mixture which contained, for 388 volumes of 
nitrogen, 1,036 vol. of carbonic acid. Hence krea- 
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tine contains, for 8 voL of carbonic acid or 8 eqs. 
of carbon, 3 vol. or eqs. of nitrogen.* 

Further, in combustion with chromate of lead, — 

0*5628 gm. of crystallised kreatine yielded 0*6764 
gm. of carbonic acid. (The water was lost in this 
analysis.) 

0*5830 gm* of crystallised kreatine yielded 0*693 
gm. of carbonic acid, and 0*388 gm. of water. 

0*545 gm. of crystallised kreatine yielded 0*658 
gm. of carbonic acid, and 0*367 of water. 

0*2884 gm. of crystallised kreatine yielded 1*300 
gm. of the double chloride of platinum and amnn)- 
nium, =r 28*32 per cent, of nitrogen. 

These analyses yidded, for 100 parts of kreatine : 

I. II. in. 

Carbon 32*77 32-91 32-41t 

Nitrogen 28-32 28-32 28*32 

Hydrogen „ 7-33 739 

Oxygen „ 31-44 31*88 

100-00 100-00 

* The 2iid tube gave for 89 vol. nitrogen 217 vol. carbonic acid. 
3rd „ 64 .. 156 



4th 
5th 
6th 

Total 



78 ., 219 

77 „ 224 

80 „ 220 



388 .. 1036 



$» *VW\# ,f 



t In combustion with chromate of lead, it is well known that 
the formation of nitrous acid is unavoidable, and the excess of 
carbon in the above analysis arises, no doubt, from a small quan- 
tity of nitrous acid which had escaped the reducing action of the 
metallic copper in the anterior part of the tube. 

E 
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corresponding to the formula, 

Formula. 8 eq. Carbon 48 32*22 

3 eq. Nitrogen 42 2819 

11 eq. Hydrogen 11 738 

6 eq. Oxygen •. ....• 48 3221 

N 

Atomic weight of crystaQifled Kreatine 149 100*00 

Anhydrous 0'3145 gm. of onhydrous kreatine yielded, when 
burned with oxide of copper, 0*4196 gm. of carbonic 
acid, and 0-197 gm. of water. 

0*4085 gm. of anhydrous kreatine, burned with 
chromate of lead, yielded 0*5590 gm. of carbonic 
acid, and 0*2348 gm. of water. 

These analyses give in 100 parts (C : N = 8:3): 

I. II. 

Carbon 36-38 36*93 

Nitrogen 31*91 32*39 

Hydrogen 6'9S 6*96 

Oxygen 24*75 23*72 

100*00 10000 

corresponding to the formula, 

Itsformula. 8 eq. Carbon 48 36*64 

3 eq. Nitrogen 42 32*06 

9 eq. Hydrogen 9 6*87 

4 eq. Oxygen 32 24*43 

Atomic weight of anhydrous Kreatino 131 100*00 

The crystallised kreatine corresponds, therefore, 
to the formula, 

Formula of 1 eq. anhydrous kreatine ... 131 87*92 
thccryrtals. 2 eq. water 18 12*08 

149 100*00 
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If we compare the formula of kreatine with that Kreatine 

and glyco- 

of glycocoll (sugar of gelatine), it appears that crys-* oou. 
tallised kreatine contains the elements of, 

2 eqs. glycocoU = C, N, H, Oe 
+ 1 eq. ammonia = N H, 



Ca N, Hu Oe 



Kreatine dissolves easily in boiling water, and a Properties 

of kreatine. 

solution saturated at 212 forms, on cooling, a mass 
of small brilliant needles. From a diluted solution 
it crystallises very slowly, in somewhat large crys- 
tals, often from 2 to 3 lines in length and 1 line in 
thickness, which increase in size for 24 hours after 
cooling, if left in the liquid. 

1,000 parts of water at 64'4® dissolve 13*44 parts 
of kreatine ; or 1 part of kreatine dissolves in 74*4 
parts of water. 

In cold alcohol kreatine is nearly insoluble, 1 part 
requiring 9,410 parts of alcohol for solution. In 
weaker spirits of wine it is rather more soluble. 

The cold aqueous solution of kreatine possesses, 
from the small quantity of dissolved nmtter, a weak, 
bitter taste, followed by a somewhat acrid sensation 
in the throat. When the aqueous solution of krear 
tine contains a trace of foreign organic matter, it 
decomposes very readily, as Chevreul observed. 
Mouldy vegetations appear, and the liquid acquires 
an offensive, nauseous odour. 

No quantity, however large, of kreatine can Kreatine is 

J -1*1 t 1 • 1 neither acid 

destroy the acid reaction even of the weakest acids ; 

e2 
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nor basic, it possesses HO basic characters. It dissolves easily 
with the aid of heat in barjtic water, and crystal- 
lises from it unchanged. The crystals which are 
deposited contain no baryta, and all the baryta in 
the solution is precipitated by carbonic acid. But 
when boiled with baryta water, kreatine is decom- 
posed ; ammonia is disengaged ; the liquid becomes 
turbid, even when the air is entirely excluded, and 
there is deposited carbonate of baryta in crystalline 
grains, the quantity of which progressively increases 
as the boiling is continued. 

In the warm saturated solution of kreatine, the 
colour of hyperoxide of lead is not changed, not 
even when boiled ; the crystals of kreatine deposited 
in cooling are free from oxide of lead. A solution 
of hypermanganate of potash, in which kreatine is 
dissolved, only loses its red colour by long digestion 
with the aid of heat, without perceptible disengage- 
ment of gas. The liquid now contains no kreatine, 
and gives on evaporation white crystals; while 
the potash is found partly combined with carbonic 
acid. 

Action of The action of strong mineral acids is very remark- 
acids on 

kreatine. able. A solutiou of kreatine, to which, while cold, 
hydrochloric acid is added, gives by spontaneous 
evaporation crystals of unchanged kreatine. But 
when heated with strong hydrochloric acid, a solu- 
tion of kreatine no longer yields crystals of that 
substance. The same result is obtained with sul- 
phuric, phosphoric, and nitric acids. When krea- 
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tine is dissolved in one of these acids, and the solu- 
tion gently evaporated, crystals are obtained, which 
are very soluble in alcohol, a property not belonging 
to kreatine. These crystals contain a portion of the 
acid employed, in a state of combination. 

There is formed, in this reaction from kreatine, Kreatmine. 
by a transformation of its elements, caused by con- 
tact virith strong mineral acids, a new body of totally 
different chemical properties, a true organic alkali, 
which I shall call kreatintne. 

Kreatinine. 
When crystallised kreatine is exposed, in the Formation 

Ox JurGftU' 

drying apparatus described by me, to a current of nine, by 

means of 

dry hydrochloric acid gas, at the temperature of hydrocUo. 

ric acid| 

212°, the weight of the apparatus at first increases ; 
but by continuing the heat and the current of gas, 
the original weight is at last very nearly recovered. 
Although it thus appears as if kreatine under these 
circumstances could absorb no hydrochloric acid, 
this conclusion is at once found to be erroneous, 
because during the whole continuance of the expe- 
riment water is seen to pass off, till the weight of the 
apparatus becomes constant. If anhydrous kreatine 
be used for this experiment, an increase of weight is 
found to take place. 

The compound formed in these circumstances is 
neutral hydrochlorate of kreatinine. 

In like manner, hydrochlorate of kreatinine is 
obtained, when kreatine is covered with concen- 
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or by means 
of sulphuric 
add. 



Separation 
ofkread- 
niue from 
the sul- 
phate. 



and from 
the hydro- 
chlorate. 



trated hydrochloric acid in a porcelain dish, aiki the 
solutione Tfiporated in the water-bath till all uncom- 
bined hydrochloric acid is dissipated. 

When kreatine is mixed with diluted sulphuric 
acid (for 1 part of kreatine, 1 part of an acid, 
composed of 27 parts oil of vitriol, and 73 parts 
water), the solution being OTaporated to dryness, 
and heated till all moisture is expelled, neutral 
sulphate of kreatinine is left. 

From the hydrochlorate or the sulphate, prepared 
in either of the above ways, kreatinine may be easily 
obtained. 

When carbonate of baryta is added to a boiling 
aqueous solution of the sulphate of kreatinine, till 
no more efFervescence ensues, and the liquid has an 
alkaline reaction, sulphate of baryta is deposited, and 
pure kreatinine remains in solution. 

From the hydrochlorate the base is obtained, 
when the aqueous solution of the salt is boiled with 
hydrated oxide of lead. The hydrochlorate is dis- 
solved in from 24 to 80 parte of water, the solution 
heated to boiling in a porcelain vessel, and hydrated 
oxide of lead suspended in water is added in small 
portions. At first chloride of lead is formed, and 
the liquid retains ite acid reaction ; but when more 
oxide of lead is added, it becomes neutral, or 
slightly alkaline. If now there be added to the 
mixture a quantity of oxide of lead three times as 
great as that already employed, and the whole is 
kept boiling for some time, a point is at last reached, 
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^t which the liquid, no matter how much diluted, 
seems to be converted into a thick, light, yellow 
pasty mass. The decomposition is then complete ; 
the liquid jb filtered and the residue carefully 
washed. Should a trace of oxide of lead be dis- Purification 
solved or suspended in the filtel*ed liquid, it is nine. 
easily removed by means of a little animal charcoaL 
This process depends on the conversion of the chlo- 
ride of lead into a basic compound with oxide of 
lead, which is as insoluble in water as chloride of 
silver. 

The solution of kreatinine thus obtained is entirely 
free from chlorine, and yields, as does also the solu- 
tion prepared from the sulphate by baryta, on eva- 
poration, perfectly formed crystals of kreatinine. 

As, in both methods, all the impurities contained 
in the carbonate of baryta, or in the oxide of lead, 
which may contain aclatic acid or potash, are left in 
the solution of kreatinine, it is necessary to bestow 
particular attention on the perfect purification of 
the carbonate of baryta or hydrated oxide of lead, 
which are to be used for this purpose. 

The crystals of kreatinine belong to the monokli- Description 
nometric system, and are formed by the prism od P, tola. ^ 
the basic terminal face o P, and klinodiagonal ter- 
minal face CD T CO . The orthodiagonal is less than 
the klinodiagonal. The angle o P : oo P od, that 
is, the angle of inclination of the principal axis on 
the klinodiagonal, was found to be = 69° 24/ ; the 
angle under which the lateral faces oo P meet in thp 
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orthodiagonal section, = 98^ 20', and in accordance 
with this, the angle which oo P oo forms with oo P, 
= 130^ 5(y* 

Kreatinine is much more soluble in cold water 
than kreatine. 1,000 parts of water dissolve 87 
parts of kreatinine, or 1 part dissolves in 11*5 parts 
of water at 60°. In hot water it is much more 
isoluble. 

The aqueous solution restores the blue of red- 
dened litmus paper, and a crystal, laid on moist 
turmeric paper, causes a brown stain at the point of 
contact. 

Kreatinine dissolves in boiling alcohol, and crys^ 
tallises on cooling. 1,000 parts of alcohol at 60° 
dissolve 9'8 parts of kreatinine. 
Kreatinine Ju its chcmical character, kreatinine is quite 

is analogous 

to ammo- aualogous to ammouia. 

Its action ^ moderately concentrated solution of nitrate of 
onmtrateof silver, whou kreatinine is added to it, instantly forms 
a mass of small white needles, which are very solu- 
ble in hot water, and crystallise from it unchanged 
on cooling. They are a basic compound of kreati- 
nine and nitrate of silver, 
oncorro- In a solutiou of corrosivc sublimate, kreatinine 
mate, causos at ouco a white ciirdy precipitate, which, in 
a few minutes, changes to a mass of slender trans- 
parent colourless needles, 
on chloride In a neutral aqueous solution of chloride of zinc, 

of zinc, 

^ The crystallometric measurements given in t!iis work have 

been made by Dr. Kopp. 
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kreatinine causes instantly a precipitate formed of 
crystalline grains^ i^pearing under the microscope as 
round masses, formed of very small needles concen-^ 
trically grouped. 

Kreatinine expels ammonia from ammoniacal on salts of 
«.lts. and forms with «dts of oxide of copper crystaj- =tu 
iisable double salts of a fine blue colour. ° copper, 

Bichloride of platinum, when hydrochlorate of onbichior. 
kreatimne is added to it, causes no precipitate if. num. 
the solution is diluted; but on evaporation in a 
gentle heat, there are formed deep yellow transpa- 
rent crystals of considerable size, very soluble in 
water, less so in alcohol. 

A solution of kreatinine to which bichloride of 
platinum and hydrochloric acid have been added, 
yields, when evaporated, the same compound, which 
is a double salt analogous to the double chloride of 
platinum and ammonium. 

The composition of kreatinine is easily deduced Thecompo- 
firom the action of hydrochloric acid gas on kreatine. kreatmine 

0*5775 gm. of kreatine in crystals increased in Vomits for- 
weight when exposed to a current of that gaia, at "* 

» 

202° by only 0*002 gm. The residue, dissolved in 
water, and precipitated by nitrate of silver, gave 
0'5605 gm. chloride of silver, corresponding to 24*68 
per cent, of hydrochloric acid. 

The fact that the weight is not altered in this 
experiment, implies that for 24*68 parts of hydro- 
chloric acid absorbed, an equal or very nearly equal 
-weight of water has been expelled. 
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Now since crystallised kreatine, when heated 
alone to 212^, loses 12*08 per cent, of water, it is 
evident that twice this quantity has been expelled^ 
because otherwise, when 24*68 per cent, of hydro- 
chloric add had been absorbed, the weight must 
haye increased. Since, moreoyer, 1 eq. of hydro* 
chloric acid weighs 86*5 (H=l) and that weight 
corresponds to 4 eq. of water, it follows that for 
1 eq. of hydrochloric acid absorbed, 4 eqs. of water 
haye been expelled. 

It follows farther^ that anhydrous kreatine must 

gam in weight when exposed to hydrochloric acid 

gas, to the amount of 14*05 per cent. In fisu^t, 

0*5820 fpai. of anhydrous kreatine, under these cir- 

cumstances^ absorb 0*084 gm. of hydrochloric acid, 

corresponding to 14*46 per cent., a coincidence as 

dose as could be obtained. 

Kreatine, in The couversion of kreatine into kreatinine, by the 

im^^e, action of mineral acids, depends, therefore, on the 

^^terT^*' separation of 4 eqs. of water. If we subtract these 

from the formula of crystallised kreatine, the c6m- 

position of kreatinine in 100 parts is as follows : — 

Formula, 8 eqs. Carbon = 48 42*48 

3 eqs. Nitrogen =42 37-17 

7 eqs. Hydrogen = 7 6*19 

2 eqs. Oxygen = 16 14*16 



weight ofj 
dnine ...j 



Atomic wei£:lit of 

V ^ . 5. 113 100-00 

Kreatinine 



AoaiTBis of In accordance with this theoretical result the^e 

kreatmine. 



ANALYSIS OF KBEATININE. 59 

were obtained by combustion with ehromate of lead 
•the following numbers : 

0*3418 gm. of kreatinine yielded 0*5332 gm. car- . 
bonic acid, and 0*1965 gm. water. 

The same substance yielded, when burned, a 
gaseous mixture, in which, for 434 Tolumes of nitro- 
gen gas, there were found 1,132 yoL of carbonic 
acid.* 

According to this analysis, kreatinine contains 

Carbon 41^54 

I^^trogen 37*20 

Hydrogen «.. 6*38 

Oxygen 13-88 

10000 

If we compare with the formula of kreatinine that Kreatimne 

and caffeine. 

of caffeine (theine), it appears, tiiat kreatinine con- 
tains the elements of 1 atom of caffeine + 1 atom 
amide. Caffeine is 



Cs 


N, 


H. 


0,: 


add to this 




1 at : Amide 


N 


H, 




= 1 at : Kreatinine. 


4 


The sum is Cg 


Ns 


H, 


0,: 


> 


• 








N. C Oa 




* The 2nd tube yielded 75 for 187 




3rd 








77 „ 197 




4th 








79 ,. 207 




5th 








48 „ 126 




6th 








70 „ 200 




7th 








85 „ 215 





.N:COa = 3:8. 434 „ 1132 



\ 
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KaeATINE AND KBEATININE ARE 



The com- 
pound difl- 
covered in 
urine by 
Pettenko- 
fer 



oontainflthe 
same pro- 
portions of 
carbon and 
nitrogen aa 
kreatineand 
k rw<j«»i"t*- 



Pettenko- 
fer'g pro- 
ceas. 



Kreatine and Kreatinine^ constituents of htiman urine. 

If we compare the results of the analysis of krea- 
tine and kreatinine with the composition of the 
substance disooTered three years since by Petten- 
kofer . ia h«.». ^ J..^ ij^ we 
perceiye at once, that both kreatine and kreatinine 
must stand in a definite relation to that body; 
Pettenkofer found that this substance, when burned, 
yielded a gaseous mixture, containing, for 8 yol. of 
carbonic acid, 3 yol. of nitrogen. This is the same 
proportion, as is contained in kreatine and kreati- 
nine; although, on the other hand, he found a 
variation in the proportion of hydrogen and oxygen. 
The substance from urine contains 1 eq. of water 
less than anhydrous kreatine and 1 eq« more than 
kreatinine. 

Although I had no reason to doubt the accuracy 
of Pettenkofer's analysis, yet T considered it desir- 
able to compare the properties of the substance from 
urine with those of kreatine and kreatinine. 

According to Pettenkofer's process for its prepa- 
ration, fresh human urine is neutralised with carbo- 
nate of soda, evaporated till the salts crystallise out, 
then extracted by alcohol, and mixed with a con- 
centrated solution of chloride of zinc. In this 
mixture, there are deposited, after some hours or 
days, small granular hard crystals, frequently in 
crusts, which contain chloride of zinc and a crystal- 

* Annalen der Ghemie und Pharmacie, vol. Hi. p. 97. 
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Usable organic substance* When these crystals 
are disaolyed in hot water, the zinc separated hj 
means of baryta, the filtered Uquid evaporated, the 
residue acted on by alcohol, the alcoholic solution 
deprived of baryta by sulphuric acid, and the liquid, 
which now contains hydrochloric acid, sulphuric 
acid, and the organic compound, boiled with oxide 
of lead, the sulphuric and hydrochloric acids are thus 
separated, and the organic compound remains dis- 
solved in alcohol, and gives on evaporation a crys- 
talline white mass, which instantly reproduces the 
original crystalline precipitate when its solution is 
mixed with chloride of zinc. 

According to my experiments, this substance may simpler 
be obtained from urine by a simpler process. The p^^^^by 
^„e b neutn^ed by «ii of lim ' Jihen «Iu«.n ^'"«"- 
of chloride of calcium is added as long as it causes 
a precipitate of phosphate of lime. The liquid is 
then filtered and evaporated till the salts crystallise 
out on cooling. The mother liquor is separated, 
without the use of alcohol, from the salts, and mixed 
with a syrupy solution of neutral chloride of zinc, in 
the proportion of about ^ ounce to 1 lb. of the 
extract. 

After three or four days the greater part of the 
zinc-<!ompound of Pettenkofer is found to have 
crystallised in rounded yellow grains. The deposit 
is well washed with cold water, then dissolved in 
boiling water, and hydrated oxide of lead added 
to the solution, till it acquires a strong alkaline 
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reaction. By this means the zinc and hydrochloric 
acid are separated in an insoluble form, while the 
substance, formerly combined with them, remains in 
solution. This is now acted on with blood-charcoal, 
which removes a yellow colouring matter and a trace 
of oxide of lead, and the filtered liquid is OYapo- 
rated to dryness. 
Pettenko. By the procoss of Pettenkofer, as well as by that 
stance is a just doscribed, there was obtained a white crystalline 
kreatioine substaucc, haying, in each case, the same characters, 
ki^thie. But a closer investigation immediately showed that 
this substance was a mixture of two compounds of 
different properties, which may easily be separated 
by means of alcohol, one of them being easily solu- 
ble, the other very sparingly soluble, in hot alcohol. 
When a portion of the mixed substance is boiled 
with 8 or 10 times its weight of alcohol, either a 
part remains undissolved, or the solution is complete, 
but deposits crystals on cooling. These crystals are 
found to be identical with the undissolved residue; 
When they are separated from the mother liquor, 
and the latter evaporated, a new crystallisation, of 
different form and properties, is obtained. The body 
which crystallises first, or remains in the undissolved 
residue, contains water of crystallisation aind has no 
action on vegetable colours ; the more soluble has 
in its aqueous solution a strong alkaline reaction, its 
crystals do not effloresce when heated, and the 
analysis of these two compounds showed, as the 
external form and chemical characters indicated, 
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that the one which first crystallised was kreatine, the Anaiyw of 
other kreatinine. The kreatine thus prepared from nmaJ^' 

• '• 1 3 t "1 I. j» * ■!_ 'J i» fipom wine* 

urine yielded, when burned with oxide of copper, 
a gaseous mixture containing, for 3 vols, of nitrogen, 
8 vols, of carbonic acid.* 

0-6085 gm. lost at 212^ 0*0775 gm. of water, 
= 12-77 per cent. 

0-3686 gm. yielded 0*500 gm. of carbonic acid 
and 0-2348 gm. of water. 

That ingredient of Pettenkofer's substance which 

was most soluble in alcohol (kreatinine) gave, when 

burned, a gaseous mixture in which nitrogen and 

carbonic acid were in the proportion of 280 N to 

740 C Oa, or of 3 vols, nitrogen to 8 vols, carbonic 

acid.f Further, 0-3767 gm. of the same body 

yielded 0-589 gm. carbonic acid and 0'2112 gm. 

water. 

N. CO,. 

* The 2nd tube yielded 72 for 190 

3rd „ 78 „ 205 

4th „ 74 „ 198 

5th „ 55 „ 202 



ft 



6th „ 86 „ 177 



365 „ 972 



N. C O,. 

t The 2nd tube yielded 52 for 142 

3rd „ 71 „ 189 

4th „ 69 „ 183 

5tb „ 88 ,, 226 

280 „ 740 



Compod- 
tion of the 
substances 
from, vriiie. 



They are 

idientical 

withkrea- 

tineand 

kreatmine. 



In tiie pn- 
trefieu^onof 
nrine, the 
kreatine 
alone dis- 
appears. 
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The composition of these two substances in 100 
ports is therefore, 

Kreatine from Kreatinine 
Urine (anhydrous), from Urine. 

Carbon 36-90 4264 

Nitrogen 32-61 37-41 

Hydrogen 7-07 6*28 

Oxygen 23-42 1372 

10000 10000 

If we compare these numbers with those obtained^ 
by the analysis of kreatine from flesh, and the 
analysis of the kreatinine prepared from it, it is 
obvious that they are respectively identical, and 
indeed no difference can be detected in the physical 
and chemical characters of the two substances from 
urine and those from flesh. 

It has been stated, that the two substances, which 
served for the preceding analysis, were obtained 
from fresh urine ; but it seemed to me to be inter- 
esting, to ascertain the influence which the putre- 
faction of the urine has on these substances. 

When putrid urine, in which, of course, all the 
urea has been converted into carbonate of ammonia, 
is boiled with milk of lime till ammonia is no longer 
disengaged, then filtered, evaporated to a thin syrup, 
and in this state mixed with chloride of zinc, there 
separates in the course of a few days a considerable 
quantity of a yellow granulax compound, which con- 
tains chlorine and zinc, and under the microscope 
cannot be distinguished from the compound formed 
by chloride of zinc in fresh urine. When dissolved 
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in boiling water, and deprived of chloride of zinc 
and colouring matter by means of hydrated oxide of 
lead and blood-charcoal, the organic substance con- 
tained in it was found to be kreatinine, without a 
trace of kreatine. 

During the putrefiwtion of urine, therefore, the 
kreatine is destroyed, while the kreatinine suffers 
no change. 

I consider kreatine to be an accidental and vari^ 
able ingredient of Pettenkofer's zinc compound; 
for a warm (not boiling) solution of kreatine is 
not precipitated by chloride of zinc, and the crystals 
which are deposited contain neither zinc nor chlorine, 
but possess all the characters of pure kreatine. ^ 

It is clear that if the fresh urine contain kreati- Formation 
nine in combination with an acid, and free kreatine, kofer's 
the kreatinine, when it is neutralised by an alkali, *®°^p®'™<*- 
will be set free, and when the liquid is concen- 
trated to jp^th of its original volume, the addition of 
chloride of zinc will precipitate the compound of 
chloride of zinc with kreatine ; but the crystals of 
this substance will be mixed with those of krea- 
tine, whenever the quantity of kreatine present is 
more than the liquid can retain in solution when 
cold. 

Although the amount of kreatine and kreatinine, Urine is an 
to be obtained from urine, is not considerable, yet I source of 
consider the preparation of these substances from and kreati- 
urine to be more convenient, and especially more "^' 
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economical, than their extraction from flesh ; and by 
either of the processes just described, they may be 
obtained in any required quantity by operating on a 
sufficiently large scale. 

Hydrochio- Hvdrochloraie of Kreaiinine. — This salt, the pro- 
rate of 

kreatmine. paratiou of which has been already described, dis- 
solves readily in boiling alcohol, and crystallises 
from it in short, transparent, colourless prisms, very 
soluble in water ; it is obtained by evaporating its 
aqueous solution in broad transparent scales of an 
acid reaction. A saturated solution of this salt in 
boiling alcohol, to which ammonia is added till the 
acid reaction is destroyed, deposits on cooling small 
transparent granular crystals of kreatiniue. 

0*4764 gm. of hydrochlorate of kreatiniue yielded 
0*5677 gm. carbonic acid and 0*227 water. 

Further, 0*542 gm. yielded 0*518 gm. chloride of 
silver. This gives in 100 parts, 

Calcvkted. Found. 

8 eqs. Carbon 48 32*80 312*48 

3 eqs. Nitrogen 42 2811 38'27 

8 eqs. Hydrogen 8 5'35 5*30 

2 eqs. Oxygen 16 10*55 10*54 

1 eq. Chlorine 35*4 23-69 23-41 

Atomic Weight 149-4 10000 100*00 

Double Chloride of Platinum with hydroehhrate of kreati- 

salt with . "^ "^ ^ , . 

bichloride nine. — A solution of hydrochlorate of kreatinine 

' gives, on the addition of bichloride of platinum, and 

gentle evaporation, aurora-red prisms of the double 
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salt. When more rapidly formed, this salt is ob- 
tained in yellowish-red transparent grains. 

0*6086 gm. of this salt made with kreatine pre- 
pared from flesh, left after ignition, 0'1858 gm. 
platinum. 

0-8608 gm. of the same salt, prepared with Pet- 
tenkofer's compound, derived from urine, left 0*2665 
gm. platinum. 

Hence this double salt consists of — 

Calculated. Found. 

r- ^ 



Kreatinine and Hydrochloric acid. . . 6905 69-47 69*05 
Platinum 30'95 30-53 3095 



10000 10000 10000 



Stdphate of KrecUinine. — A boiling saturated so- Sulphate of 

' kreatinine. 

lution of kreatinine, to which diluted sulphuric 
acid is added, till a strong acid reaction appears, 
gives on evaporation a white saline mass, easily 
dissolved by hot alcohol. While cooling, the solu- 
tion becomes milky, and .deposits (on becoming 
clear) transparent, concentrically-grouped, four-? 
sided tables of neutral sulphate of kreatinine, the 
crystals of which salt continue transparent when 
heated to 212". 

V 

0*439 gm. of sulphate of kreatinine yielded 0*315 
gm. of sulphate of baryta. 

0*5655 gm. of the same salt gave, when burned, 
0*6085 gm. of carbonic acid, and 0*2563 gm. of 
water. 

f2 



f 8 cq. 
tinine ...< _ 
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Hence this salt consists of — 

Calcnlated. Found. 

1 cq. Sulphuric acid 40 2469 24'65 

8 cq. Carbon 48 29-63 29-33 

^ ^. ,^ ™ Nitrogen ... 42 25-92 25*44 

^ ^ 8 eq. Hydrogen... 8 4*94 5-03 

3 eq. Oxygen ... 24 14-82 15-55 

1 eq. Sulphate of Kreatinine =162 100*00 10000 

Sarcosine. 

Action of When, to a boiling saturated solution of kreatine, 
ryticwater we add ten times the weight of the kreatine of 
on kreatine. ^jygtalliged hydrate of baryta, the solution continues 
clear at first, but by continued boiling it becomes 
turbid, and deposits a white crystalline powder, 
adhering to the sides of the vessel, which increases 
as long as the disengagement of ammonia continues. 
If the boiling be continued, baryta and water being 
added from time to time, until no further escape of 
ammonia is perceptible, there is obtained by filtra- 
tion a transparent colourless liquid, which contains 
caustic baryta along with a new organic base, to 
Saroonne. which I have givcu the name of Sarcosine. The 
white powder remaining on the filter contains no 
organic matter, and is pure carbonate of baryta. 
Its pnrifi- By passing a curreilt of carbonic acid gas through 

cation. 

the liquid, and subsequently boiling, the baryta is 
separated from the new base, which remains dis- 
solved ; and the solution, when evaporated, gives a 
syinip, which on standing consolidates into a mass of 
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broad, colourless, transparent plates. For the pre- 
paration of pure sarcosine, it is important to use 
perfectly pure baryta, previously tested for, and if 
necessary deprived of, traces of potash, lime, chlo- 
rine or nitric acid; because all such impurities 
accumulate in the sarcosine, from which they cannot 
easily be removed. 

To obtain pure sarcosine, it is advisable to convert 
it, as prepared by the process just described, into 
i^ulphate. For this purpose, diluted sulphuric acid 
is added to the base obtained by the evaporation of 
the filtered liquid, till it acquires a strong acid reac- 
tion. The acid solution is evaporated in the water- 
bath, and to the syrupy residue alcohol is added, 
and well mixed with it by means of a glass rod. 
The syrupy sulphate is thus converted into a white 
crystalline powder, which is well washed with cold 
alcohol, then dissolved in water, and the solution 
digested with pure carbonate of baryta in a warm 
place, till no further effervescence ensues, and the 
acid reaction has disappeared. The liquid now 
contains the pure base dissolved ; it is filtered from 
the sulphate and carbonate of baryta, evaporated in 
the water-bath to a syrup, and in this state set 
aside. The sarcosine crystallises in from 24 to 36 
hours. 

The crystals of sarcosine are right rhombic Crystals of 
prisms; acuminated on the ends by surfaces set 
perpendicular on the obtuser angles of the prism, 
that is, the combination oo p : P oo* Only the feces 



sarcosine. 
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00 P had lustre enough to admit of approximative 
measurement ; the angles of the prism were found 
= 103^ and 77. Single planes of P and o P occur 
rarely, and then doubtfully indicated. The crystab 
Its proper- ^"^ colourles8> perfectly transparent, and of consi- 
***•• derable size. They are extremely soluble in water, 

very sparingly soluble in alcohol, and insoluble in 
ether. When dried at 212°, they retain their ori- 
ginal aspect; at a somewhat higher temperature 
they melt, and sublime without residue. When 
some crystals of sarcosine are exposed, between two 
watch-glasses, for a long time to a heat of 212°, the 
upper glass is covered with a network of crystals of 
sublhned sarcosine. 
Anaiyiisof ^^^ aualysis of sarcosine gave the following re- 
sults. When burned with the oxide of copper, it 
gave a gaseous mixture, containing 1 vol. of nitrogen 
for 6 vols, of carbonic acid.* It therefore contains^ 
for 6 eqs. of carbon, 1 eq. of nitrogen. 

0*3843 gm. of sarcosine yielded, further, 0'574 gm. 
of carbonic acid, and 0*2735 gm. of water. 

0'8666 gm. yielded 0*550 gm. of carbonic acid and 
0*2578 gm. of water. 

N. C O,. 



larootine. 



* The 2nd tube yielded 


42 


233 


3rd 


38 


241 


4th * „ 


40 


230 


5th 


40 


243 


6th 


43 


252 



203 1,199 
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This gives for 100 pai 


rts — 

Cftlmlated. 

40-45 

15-73 

7-86 
35-96 


Found. 


Formula of 
sarcosine. 


6 eq. Carbon 86 

1 eq. Nitrogen ... 14 

7 eq. Hycbrogen... 7 
4 eq. Oxygen ... 82 


40-78 

15-84 

7-90 

35-53 


40-90 

15-90 

7-82 

35-38 





1 eq. Sarcosine... 89 10000 100*00 10000 

The aqueous solution of sarcosine has no wtion Properties 

of sarco- 

on vegetable colours ; it has a sweetish, sharp, some- sine. 
what metallic taste ; in diluted solutions of nitrate 
of silver and corrosive sublimate it causes no change. 
But if a crystal of sarcosine be placed in a cold 
saturated solution of corrosive sublimate, it is 
instantly dissolyed, and in a short time there are 
seen to be formed a number of slender transparent 
needles of a double salt, which, if the quantity of 
sarcosine is not too small, fill the whole liquid, con- 
verting it into a semi-solid mass. A solution of 
acetate of copper acquires, by the addition of sar- 
cosine, the same deep blue colour as is caused by 
ammonia, and by gentle evaporation there are ob- 
tained thin scales of the same colour. 

When evaporated along with hydrochloric acid, Hydrochio- 

rate of sar- 

sarcosine yields a white saline mass, which dissolves coane. 
in hpt alcohol, and is deposited on cooling in small 
trani^arent grains and needles. 

A solution of hydrochlorate of sarcosine, mixed DouWelbit 

, withbichlo- 

with excess of bichloride of platinum, gives no rideof pia- 

, , , . tmum. 

precipitate ; but by spontaneous evaporation it soon 
forms flattened octohedrons of a honey-yellow colour. 
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which often exhibit fitces half an inch, broad, lying 
on each other in the manner of the steps of stairs. 
By means of a mixture of alcohol and ether, the 
superfluous bichloride of platinum is easily re- 
moved, and the crystals may thus be obtained quite 
pure. 
Anaiyria of The doublo chlorfde of platinum' and sarcosine, 
,ait. ^" * dried in the air, loses, when further heated to 212°, 
6*7 per cent, of water. 

0'4544 gm. of the anhydrous salt yielded on igni- 
tion 0*1527 gm. of platinum. 

If this salt have a composition analogous to that 
of the double chloride of platinum and ammonium, 
it would contain — 

In 100 Parts. 
Theory. Experiment. 

Its for. 1 eq. Sarcosine 89 1 

'"^- 1 eq. Hydrochloric acid 36-4 [ 196-2 66-85 66*40 

2 eqs. Chlorine 70-8] 

1 eq. Platinum „ 98*7 33'45 3360 

1 eq. of the anhydrous double salt 294*9 100-00 100*00 

The Joss of weight at 212° indicates that the 
crystallised salt contains 2 eqs. of water = 5*7 per 
cent . 
Sulphate of Sulphote of Sarcosifie. — The preparation of this 
salt has heen already described (p. 69). When the 
residue, well washed with cold alcohol, is boiled 
with from 10 to 12 times its weight of alcohol, it 
dissolves, with the exception of a trace of sulphate 
of baryta; and this solution deposits on cooling 
transparent colourless four-sided tables of high 



sarconne. 
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lustre, .which can hardly be distinguished by their 
aspect fipom chlorate of potash. They are sparingly 
soluble in cold alcohol, but very soluble in water, 
and crystallise from their aqueous solution in large 
feathery plates. Both the aqueous^ and alcoholic 
solutions have a strong acid reaction, so that it is 
difficult to telT when the washing, of them, to 
remove uncombin6d acid, is complete. . On this 
account the- following analyses of this salt have 
given- a slight excess of sulphuric acid. 

0*6928 gm. of sulphate of sarcosine lost, at 212*^, Analy»u of 

^ ■ tbe Bill. 

()*049 gm. of water = 6*54 p. c. ; and yielded 0'5470 pbate. 
gm.' of sulphate of baryta = 29*25 p. c. of sul- 
phuric acid in the anhydrous salt. 

0*5899 gm. of sulphate of sarcosine lost, at 212^, 
0*0385 gm. of water = 707 p. c. ; and gave 0*4870 
gm. of sulphate of baryta, = 30*36 p. c. of sul- 
phuric acid in the anhydrous salt. 

I. 0*3745 gm. of this last portion of sulphate of 
sarcosine (= 0*2608 gm. after deducting the sul- 
phuric acid) gave 0*3475 gm. of carbonic acid. 

II. 0*3388 gm. of the same salt (= 0*2389 gm. 
after deducting the acid) gave 0*3087 gm. of car- 
bonic acid, and 0*1735 gm. of water. 

III. 0*2674 gm. of sulphate of sarcosine (= 
0*1865 gm. after deducting the acid) gave 0*2475 
gm. of carbonic acid, and 0*138 gm. of water. 

If sulphate of sarcosine be analogous in compo- 
sition to the sulphates of other organic bases, the 
anhydrous salt contains 1 eq. of sarcosine com- 
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bined with 1 eq, of hydrated sulphuric acid, and 
therefore, in calculating the analyses, if we deduct 
the weight of anhydrous sulphuric acid present, 
we must obtain in the remainder a formula which 
includes the elements of sarcosine + 1 eq. of water. 
Formula of The foHuula Cg N Hy O4 + H would yield in 

sarcosine in - -. -. 

the sui- 100 parts — 

P^*®- Theory. Experiment 

6eq8. Carbon ... 36 86*73 3634 35*69 36'28 

1 eq. Nitrogen... 14 

8 eqs. Hydrogen 8 8-16 7*90* 8-16 825 

5 eqs. Oxygen... 40 

98 

The loss sustained by the crystallised salt at 212° 
indicates the presence of 1 eq. of water of crystal- 
lisation = 6*1 per cent. 

The Sulphate of Sarcosine, when heated to 212*^, 
consists of — 

Calculated. Foimd. 

, V 

Formula of 1 eq. Sulphuric add 40 28*98 2925 30*36 

pllte." leq. Water 9| ^^.^^ ^^.^^ ^^^^^ 

1 eq. Sarcosme 89J 

1 eq. Sulphate of Sarcosine 138 10000 10000 10000 

I regret much that want of material prevented 
me from multiplying experiments with this inter- 

* The hydrogen in this analysis fell below the truth, which 
arose from the circumstance, that the salt was decomposed by 
mixture wit!h chromate of lead, and the water of the sulphuric 
acid being set free* a portion of it was lost in the process of 
exhausting tiie tube previous to the combustion. 
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eating base; but I believe that no doubt can be 
entertained as to its composition and its atomic 
weight 

The fonnula above given for sarcosine explains Formation 

. , , ^ ofsarooane 

its production from kreatme m a satisfactory explained. 
manner. 

If from the elements of crystallised kreatine we 
subtract those of sarcosine, there remains a for* 
mula exactly identical with that of urea. 

Prom 1 eq. Kreatine = Cg li^ Hn O, Krea^e 

Deduct 1 eq. Sarcosine = Q N H^ O4 *** T^^ 

There remains 1 eq. Urea = C3 N, H4 0, SJ^i^ 

and of urea. 

It is consequently obvious that, in the decompo* 
sition of kreatine by baryta, carbonic acid and 
ammonia are secondary products derived from the 
decomposition of urea. I have ascertained that a 
solution of urea in barytic water is resolved by long 
boiling into carbonate of baryta and ammonia with 
the same appearances as those above described ; 
and I have also ascertained that urea is present in uiea is 
the liquid when kreatine is boiled with baryta, if a!^rocSs. 
examined before the whole of the kreatine is decom* 
posed. If the operation be arrested when the 
disengagement of ammonia is strongest^ the free 
baryta precipitated by carbonic acid, the liquid 
filtered and evaporated to dryness, and nitric acid 
added to the residue, there is obtained a crystalline 
m^ss, which when dried in blotting paper and 
treated with alcohol, yields to that solvent nitrate 
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of urea. If the alcoholic solution be heated with 
oxide of lead, nitrate of lead is precipitated, and the 
liquid gives on evaporation colourless prisms, the 
concentrated aqueous solution of which forms with 
oxalic acid a crystalline precipitate. These prisms, 
when heated, melt easily, give off ammonia, and 
leave a white residue, which, when further heated, 
is dissipated in the form of the vapour of hydrated 
cyanic acid. 
SarooBMM According to the formula established by the pre- 

isomeiic 

with lacta. cedkig aualyscs for sarcosine, it contains the same 

mide and 

with ure. elements, and in the same relative proportions, as 
the lactamide of Pelouze and the urethane of Dumas. 
But the insolubility of sarcosine in ether and alcohol 
suflSciently distinguishes it from these two com- 
pounds. 
Sarcosine Sarcosiue and urea are not, however, the only 
not^^y products of the decomposition of kreatine by baryta, 
producti. j^ ^ater be added to the alcohol from which the 
sulphate of sarcosine has been crystallised, and the 
liquid neutralised by carbonate of baryta be filteried 
and evaporated to the consistence of a thin syrup, 
there are deposited, long before the point is 
reached at which sarcosine would crystallise, long 
colourless prisms or scales, of a feeble acid reaction, 
which at first for this reason I took for an acid. 
But they are fusible and volatile, without leaving a 
Another residue of baryta; they are very soluble in water 
JIJco^^ and alcohol, and also in 30 partis of ether; the 
aqueous solution causes no precipitate in nitrate of 
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silver, corrosive sublimate, susetate of lead, or in poanbiy 
salts of lime and baryta. Unfortunately I did not ^*^^®*"^* 
obtain a quantity sufficient for an analysis of 
this substance, so as to decide whether it agrees 
in composition with urethane, which it much 
resembles. 

Inosinic A dd. 

When the liquid from flesh, treated as formerly 
described, has entirely deposited the crystals of 
kreatine, and is somewhat further concentrated by 
evaporation, if alcohol be added to it in small quan- 
tities till the whole becomes milky, it deposits, 
when allowed to rest for some days, yellowish or 
white granular, foliated or acicular crystals, which 
may be separated from the viscid mother liquor, 
although slowly, by filtration, and may be ivashed 
with alcohol. 

These crystals are a mixture of many different 
substances, among which kreatine is invariably 
found. If the whole of the phosphoric acid has not 
previously been removed from the original solution 
of flesh, this deposit contains phosphate of mag- 
nesia ; but the chief ingriBdient is the potash or 
baryta salt of a new acid, to which I shall give the inonnic 
name of Inosinic acid. 

If the quantity of baryta added has been exactly 
sufficient to precipitate the whole of the phosphoric 
acid, the crystals contain inosinate of potash ; and 
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finally, if the baryta has been added in excess, they 
consist of inosinate of baryta, or a mixture of these 
two salts. 

Its puriii. To purify the acid, the deposit is dissolved in 
hot (not boiling) water, and chloride of barium is 
added to the solution. On cooling, crystals of inosi-* 
nate of baryta are deposited, which, by a recrystal- 
lisation, are rendered perfectly pure. 

Inosinic acid is easily prepared from the inosinate 
of barjrta, by the cautious addition of sulphuric acid 
to separate the baryta; or from the inosinate of 
copper by the action of sulphuretted hydrogen. The 
solution of the latter salt, after being decomposed 
by sulphuretted hydrogen, is generally brown and 
turbid, from suspended sulphuret of copper, but it 
is rendered colourless by a little blood-charcoal and 
filtration. 

Its proper- Prepared by either process, the solution of the 

tics 

inosinic aoid has a strong acid reaction, and pos- 
sesses an agreeable taste of the juice of meat. When 
evaporated, it yields a syrup, which, after weeks, 
eJbitenosignsofcrystaZion. If this syrup be 
mixed with alcohol, the thick viscid fluid is changed 
into a hard, firm, pulverulent mass, of which alcohol 
dissolves only traces. From a concentrated aqueous 
solution the acid is precipitated in white amorphous 
flocculi. It is insoluble in ether. 

The quantity of this acid at my disposal wafi not 
sufficient for an analysis of it ; but the analysis of 
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the baryta salt is suf&cient to determine the compo- 
sition of the acid. 

0*312 gm. of inosinate of baryta, dried at 212°, Analysis of 

inosinate of 

yielded, when ignited with a mixture of soda and baryta, 
lime, 0'565 gm, of the double chloride of platinum 
and ammonium = 11*870 p. c. of nitrogen. 

The combustion of the inosinate of copper yielded 
a gaseous mixture, containing for 137 vols, of 
nitrogen 673 volumes of carbonic acid. This indi-* 
cates that inosinic acid contains, for 1 eq. of nitrogen, 
5 eqs. of carbon.* 

0*4493 gm. of dried inosinate of baryta yielded 
0*2043 gm. of sulphate of baryta = 30*07 p. c. of 
baryta. 

0*5430 gm. of dried inosinate of baryta yielded 
0*2546 gm. of sulphate of baryta = 30*76 p. c. 
of baryta. 

0*4248 gm. of the same salt, burned with chro- 
mate of lead, yielded 0*381 gm. of carbonic acid, 
and 0*101 gm. of water. 

0*4178 gm., burned with chroraate of lead, yielded 
0*380 gm. of carbonic acid, and 00975 gm. of 
water. 





N. 
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* The 2nd tube yielded 49 


935 


3rd 


45 


245 


4th 


42-5 


193-5 




136-6 


678-6 


N : C Oa = 


= 1:5. 
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Hence, the anhydrous inosinate of baryta con- 
tains — 



• 



Calculsted. Found. 



^ N 



Fomralaof 10 eqs. Carbon 60 28*96 24*46 24*80 

S^^t. 2 eqs. Nitrogen 28 11*18 11*37 11*37 

6 eqs. Hydrogen 6 2*40 2*64 2*59 

10 eqs. Oxygen 80 31*95 31*46 30*79 

leq. Baryta 76*4 30*51 3007 30*75 

1 eq. Inosinate of Baryta... 250*4 100*00 10000 100*00 

Fonnaia of After deducting the baryta, the anhydrous acid 
t^d, combined with it contains 

10 eqs. of Carbon, 

2 eqs. of Nitrogen, 

6 eqs. of Hydrogen, 
10 eqs. of Oxygen ; 

and of the And if WO supposo the baryta replaced by its 
add. equivalent of water, the formula of inosinic acid will 

be C,o N, H; On = G,o N, H« 0,o + HO. 
inotiDates. Inosinotes. — Free inosinic acid does not precipi- 
tate lime-water or barytic-water, but when these 
mixtures are left to evaporate in the air, there are 
formed transparent pearly scales of the inosinates of 
lime and baryta. The free acid, as well as its so- 
luble salts, cause a precipitate in acetate of copper ; 
the inosinate of copper appears as a fine greenish- 
blue precipitate, which does not dissolve even in 
boiling water, and is not blackened by it. Salts of 
silver are precipitated white by inosinates ; the pre- 
cipitate is gelatinous, of the aspect of hydrate of 
alumina, soluble in nitric acid and ammonia. In 



"PW ' ^i^P^" 



INOSINATE OF POTASH. 81 

the salts of lead inosinic acid causes a white precipi- 
tate. The salts of inosinic acid with the alkalies are 
decomposed when heated on the platinum spatula, and 
^Ve out a strong and agreeable smell of roast meat. 

Inosinaie of Potash. — This salt is obtained from inosinateof 

potaih. 

the baryta salt by cautious precipitation of the baryta 
by carbonate of potash, and also directly from the 
juice of flesh (see p. 77). It is yery soluble in water, 
and crystallises in long slender four-sided prisms. 
It is insoluble in alcohol, and is precipitated by it, 
even from diluted aqueous solutions, as a granular 
powder. The addition of alcoHol to a concentrated 
solution of inOsinate of potash causes it to become 
semi-solid, from the deposition of fine pearly scales. 
The following determination of the amount of potash 
was made with a specimen of the salt prepared 
directly from the juice of flesh after the separa^ 
tion of kreatine. The salt was dissolved in water, 
precipitated by Tiitrate of silver, the precipitate 
well washed, and the potash in the filtered liquor 
determined in the form of nitrate. 

0*4484 gm. of inosinate of potash lost, when 
heated to 212°, 00987 gm. of water = 22-02 p. c. 

0'3496 gm. of the anhydrous salt yielded 0*156 
gm. of nitrate of potash. 

The calculated composition of the anhydrous salt 
in 100 parts is — 

Found. 

1 eq. Inosinic acid 174 78*7 79*27 Formula of 

; leq. Potash 47-2 21*3 20*73 dro^^t. 

1 eq. Inosinate of potash 221*2 100*0 10000 

a 
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The loss of weight at 212^ indicates the presence 
of 7 eqs. of water of (systallisation = 22*5 per 
cent. 
inoflinate . Inosinote of Soda^^^-TihiB salt crystallises in Blender 
needles, of silky lustre, and is extremely soluble in 
water, but insoluble |n aleohoL 
inosinate Immuate of Barjfta>-^Th\% salt dissolves sparingly 
in cold^ more easily in hot water, and is insoluble in 
alcohol. ' 1000 parts of water at 60^ dissolve 2*5 
parts of inosinate of baryta. When acted on by 
hot water, it exhibits a pecuiiasrity similar to what 
is observed*in phosphosinate of baryta. If. a solu- 
tion, saturated at from 140° to 158% is heated to 
boiling, a part of the salt is deposited in the form 
of a resinous mass ; again, while water at 158^ dis- 
solves a certain amount of the salt, the same quantity 
of boiling water always leaves a part undissolved^ 
and this residue, by longboiling, undergoes, a change, 
by which it loses its solubility even in water at the 
lower temperature above mentioned. 

The crystals of inosinate of baryta are longish 
fouTHsided scales of peariy lustre^ which, when dry, 
have the aspect of polished silver. At 212° the 
crystals lose water, becoming dull and opaque ; in 
dry air they readily effloresce. 

0*565 gm. of the crystallised salt lost, when 
heated to 212°, 0*1059 gm. of water. 

1-060 gm. lost, at 212°, 0*2020 gm. of water. 

This gives for 100 parts of salt 19*07 of water. 
If the inosinate of baryta, like the inosinate of 



INOSINATES. 83 

potash, contained 7 eqs. of water, it would iave 
lost 20 p. c. of water. 

Inosinate of Copper. — This salt,^ when dried, forms inowuate 

^ of copper* 

a light blue amorphous powder. It is, in the com- 
mon sense of the term, insoluble in water, which 
only dissolves so much of it; that ferrooyaiiide of 
potassium causes a faint redness, such a^ salts of 
copper exhibit when diluted with 500,000 parts of 
water. It is insoluble in acetic acid, easily soluble 
with a blue colour in ammonia. ' 

Inosinate of Silver. — The gelatinous precipitate, inosinate 
formed by soluble inosinates in salts of silver, is 
somewhat soluble in pure water, but less so in water 
containing nitrate of silver. It is not blackened 
by light, or only to a very trifling extent. 

The inosinate of silver obtained in the analysis 
of the potash salt (see p. 81), was decomposed by 
sulphuretted hydrogen, and the sulphuret of silver 
thus obtained converted into chloride of silver. 

0*3495 gm. of the anhydrous inosinate of potash 
yielded, in this way, 0*216 gm. of chloride of silver, 
corresponding to 49*99* parts of oxide of silver, 
from 100 parts of the potash salt. 

If the inosinate of silver be proportional in com- 
position to the inosinate of potash, 100 parts of the 
latter salt ought to yield 51*02 parts of oxide of 
silver. The experiment gave, as we have seen, 50 
parts of oxide of silver. 

This difference is considerable ; but when so many 
operations must be performed with one and the 

g2 
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same portion of substance, errors of this kind are 

unavoidable. I am quite aware how imperfect is 

: the investigation of inosinic acid, and of its salts, 

which I have been able to make ; but flesh contains 

only a verf small quantity of this substance ; and 

of that which I obtained, a great part was necessa^ 

rily consumed in ascertaining its nature and pro* 

perties. 

inoflinic luosinlc acid appears, from its composition, to be- 

hMy^^' long to the coupled acids. Considered as hydrate, 

^^ it contains the elements of acetic acid, oxalic acid, 

and urea : — 

1 eq. anhydrous Acetic acid C4 Hs Os 

2 eqs. anhydrous Oxalic acid G4 0« 

leq. Urea Cj N, H4 O. 

1 eq. hydrated Inosinic acid Cio N3 H; On 

. When the acid is heated with hyperoxide of lead, 
with the addition of diluted sulphuric acid, the 
oxide loses its brown colour and becomes white, and 
the filtered liquid, when deprived of the excess of 
sulphuric acid, deposits on evaporation needle- 
shaped crystals. When mixed, in the concentrated 
state, with nitric acid, no precipitate occurs, but there 
are obtained by evaporation small colourless granur 
lar crystals, which I could not further examine, on 
account of the smallness of the quantity of inosinic 
acid which I was able to devote to this experiment. 
Effect of The temperature at which the solution of the 

tJ!^Jt^lhe juice of flesh is evaporated, Jias a .great, influence 
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on the preparation of the salts of inosinic acid. In preparation 

• 11 1 « ofinosi- 

many instances, when the temperature had never ex* nates from 
ceeded 212°, I have obtained no trace of inosinate a^hT^ ^ 
of potash or baryta ; while fluid, derived from the 
flesh of the same animal, yielded tolerably large 
quantities, when during the evaporation a strong 
current of air was made to pass over the surface of 
the liquid, by which means its temperature was kept 
as low as fix>m 122° to 140°. 

» 

Kreatinine^ as a Constituent of Mmde^ 

When the juice of flesh, from which, the inosi- Kreatinine 
nates have been precipitated by alcohol, is mixed jaiceof 
with an additional quantity of alcohol, it separates, 
after about five times its volume of alcohol have 
been added, into two layers, of which one, a thick 
syrupy, of a brownish-yellow colour, amounting to 
l-20th of the bulk of the other, falls to the bottom 
of the vessel. If these liquids are mixed by agita- 
tion, they again separate on standing. 

In the heavy viscid portion, at a temperature of its extrac. 
23^ there are soon formed a number of transpiarent 
colourless four-sided prisms, which are pure chloride 
of potassium. They melt when heated, without 
blackening; their aqueous solution precipitated 
nitrate of silver,* and gave, with bichloride of pla- 
tinum, a yellow precipitate ; while the mother liquid, 
when mixed with alcohol, contained no traces of the 
. double chloride of platinum and sodium. 

If the lighter fluid be poured off from the heavy 
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viscid one, and thie latter mixed with its own volume 
of ordinary ether, it becomes milky, and on stand* 
ing a new separation takes place. 

On the bottom , of the vessel there collects an 
amber-yellow viscid liquid, from which the super- 
natant lighter ethereal liquid can be easily separated 
by decantation. The heavier consists almost en« 
tirely of lactate of potash ; the lighter contains also 
a certain quantity of that salt, but the chief ingre- 
dient of it is an organic base, which in properties 
and composition has been found to be identical with 
kreatinine. 

When the ether and alcohol are distilled off from 
this lighter fluid, and the residue evaporated to the 
consistence of a thin syrup, it forms, on cooling, a 
semi-solid mass of slender foliated crystals, which, 
by the addition of alcohol, mdy be separated from 
the mother liquid. /When these crystals are washed 
with a little alcohol, dried, and dissolved in boiling 
alcohol, the solution deposits, on cooling, crystals 
possessing the form and properties of kreatine. At 
212*^ they become c^que and dull, and lose twelve 
per cent, of water. The mother liquid, by gentle 
evapomtion, yields yellowish four-sided tables. By 
melons of a little blood-c^rcoal and hydrated oxide 
of lead, they are easily , rendered colourless ; their 
aqueous solution is strongly alkaline, and causes 
white crystalline precipitates in solutions of nitrate 
of silver, corrosive sublimate, and chloride of zinc. 
When mixed with hydrochloric acid and bichloride 
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of pktinum, yellow crystals are obtained, of the 
form and properties of the double chloride of plati* 
num and kreatinine. 

Of .this platinum salt, 3*3728 gm. yielded on igni- 
tion 0*1153. gm. of platinum r:: 30*92 p. c. This 
is the same pier-centageof platinum as in the double 
chloride of platinum and kreatinine. 

A portion of the same salt, burned with oxide of 
Copper, yielded a gasebus' mixture, containing for 3 
Yolumes of nitrogen 8 volumes of carbonic acid.* 

This is the same proportion as in kreatiniiie. 

0*1513 gm. of the dried crystals of kreatinine. Analysis of 

kreatine 

prepared dire<^tly from flesh, yielded 0*2316 gm. of from the 
carbonic acid, and 0*0865 gm, of water. fl^.° 

Hence this substance contains, in 100 parts — 

Kreatminfi Kreatinine 
from Flesh, from Kreatine. 

Carbon 41*7 42*54 

Nitrogen 

Hydrogen 6-23 6*38 

Oxygen* 

These results leave no doubt as to the nature of 
this substance, and the occurrence of kreatinine in 
the organism. The objection, that the kreatinine 
might have been formed by the action of the free 

N. C Oj. 

* The 2nd tube yielded 60 156 

3rd „ 66 176 

4th „ 79 211 

205 543 

N : C = 3 : 8. 
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Simple pro- 
oett for ex- 
tractiii|^ 
kreatmine 
from fleah. 



Lactic acid 
is a consti- 
taent of 
flesh. 



acid in the juice of flesh on thekreatine, during the 
short heating necessary to coagulate the albutnen, is 
at once destroyed by the occurrence of kreatinine in 
nieutralised urine, and also by the £ftct that kreatine 
may be dissolved and boiled for a long time in mine- 
ral acids of much greater concentration than the 
acid of the juice of flesh possesses, without suffering 
the slighteert change. 

Now that the nature of this substance, which I 
at first took for a peculiar base, different from krea- 
tine, is known, it is no longer necessary to employ 
the circuitous methods which I was compelled to 
adopt, in order to prevent all foreign chemical action 
during its preparation. When the mother liquid 
which has deposited the inosinates is evaporated to 
dryness in the water-bath, and boiled with alcohol, all 
the kreatinine is dissolved, and when chloride of zinc 
is added to the solution, Pettenkofer's compound is 
deposited either at once or after some hours, as a 
crystalline deposit, from which, when acted on by 
hydrated oxide of lead, pure kreatinine is easily 

obtained. 

Lactic Acid. 

When the liquid, from which the inosinates have 
been deposited, is evaporated in the water-bath, and 
the residue acted on by alcohol, all the lactates are 
dissolved. If the alcoholic solution be separated 
from the syrupy viscid liquid which is insoluble in 
it, and the alcohol distilled off, there is left a yellow 
syrup which, in the course of 8 or 10 days, forms a 
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soft semi-solid crystalline mass. The crystals which 
form id it consist of kreatine, and of the potash salt 
of a nitrogenised acid, differing in properties from 
inosinic acid ; they are contained in a mother liquid, 
the chief ingredient of which is uncrystallisable lac- 
tate of potash. 

To prepare lactic acid from this mass, it is mixed Prepwa- 
with its own volume of diluted sulphuric acid (made 
with 1 vol. of oil of vitriol and 2 vol. of water), or 
with a solution of oxalic acid of equal strength. Of 
the latter, so much is added as to produce a crystal- 
line deposit, and, in either case, 3 or 4 times its 
bulk of alcohol is added to the mixture. 

By the addition of alcohol, the sulphate or oxalate and purifi. 
of potash is precipitated, while the lactic acid remains the lactic 
in solution. This solution is mixed with ether till no ^^ ' 
further turbidity is produced, the liquid is filtered 
from the deposit, the ether and alcohol are distilled 
off, and the residue is concentrated in the water- 
bath to the consistence of syrup. This syrup is 
again acted on by a mixture of alcohol and ether, 
half its volume of alcohol being first added, and then 
6 times its volume of ether, by which means a nearly 
pure solution of lactic acid in ether is obtained. 
The ether is then distilled off and the residue mixed 
with milk of lime, till it acquires a strong alkaline 
reaction. The liquid is filtered, and the solution of 
lactate of lime is left in a warm place, where it soon 
forms a mass of crystals, which are in themselves 
colourless, but appear yellow from the adhering 
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mother liquor. The mass is diluted with alcohol, 
and thrown on a filter, where it is washed by cau- 
tiously adding cold alcohol so as to displace the 
mother liquor, till the crystals appear quite white. 
In order to separate any gjrpsum that may be 
present, they are now dissolved in alcohol of 60 per 
cent., the solution is filtered, tiieated, if coloured, 
with blood-charcoal, and evaporated, when it readily 
yields perfectly pure lactate of lime. 
Modifica- F^om ovory sort of flesh, except that of fishes, 

tion of 

the prooeu lactate of lime may be obtained by this process ; 
but for fish it is necessary to modify it. The liquid, 
for example,, obtained from the flesh of the pike, is 
evaporated to a syrup, and mixed with an aqueous 
solution of tannic acid, which causes a thick yellowish 
white precipitate,. softening like pitch when heated. 
The filtered liquid is concentrated, and treated as 
above directed 'with sulphuric or oxalic acid, and at 
last there is obtained,, in the ethereal solution, a 
mixture of gallic acid (formed by the oxidation of 
tannic acid) and lactic acid, from which, when the 
alcohol is exjpelled, the gallic acid partly crystallises. 
Without separating these crystals, the acid mixture 
is saturated with milk of lime, the solution is filtered 
from the dark brown (nearly black) residue, treated 
with blood-charcoal, and concentrated, when after a 
time it yields snow-white crystals of lactate of lime. 
When the lime is precipitated from the solution 
of the pure lactate by sulphuric acid, the filtered 
liquid evaporated in the water-bath, and the residue 
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acted on by ether, pure lactic acid is dissolved, 
and from this any other lactate may be easily pre- 
pared. 

1*276 gm. of lactate of lim^ lost, when heated to Analysis of 
212°, 0-323 gm. of water = 25'3 per cent. prep^d*^ 

1*4735 gm. of lactate of lime lost, when heated ^™"^*"*^- 
to 212*^, 0-3805 gm. of water = 25-8 per cent. 

Gm. Gm. p.c. ofHme. 

0*4900 of lactate of lime (fowl) yielded 0*2195 of carbonate of lime = 25*53 Lactate of 
0*4870 „ (horse) „ 0*2245 „ = 25*84 Hme. 

0*5377 „ (fox) „ 0*2452 „ =25*54 

0*1805 „ (pike) „ 0*0830 „ =25*74 

Mean proportion of lime in 100 parts of the salt = 25*65 

Hence, lactate of lime contains, in 100 parts — 

Calculated. Found. 

L nr"^^liL iv! ^°''^^*°' 

1 eq. Lactic acid 81 74*32 74*47 7419 74*46 74*26 d^^g ^' 

1 eq. Lame 28 25*68 25*53 25*81 25*54 25*74 

■■ » Ml^^i^^i^^^— ■^■^1^— ^— ^^— — — .^^^^W^^^^^— ^■^■' * ' — ^^^M» ■—■■■■ ■»«»»^^ ■■■■■ ■ I ■»■■■■■■ ^P^^— ■ I 

leq. Lactate of Ume... 109 100*00 100*00 100*00 100*00 10000 

The crystallised lactate of lime contains — 

Calcnkied. Found. 



1 eq. Lactate of lime 109 75*18 74*7 74*2 and of the 

4eq8. Water 36 24*82 25-3' 25*8 |^***"^^ 

1 eq. crystallised Lactate of lime 145 100*00 1000 100*0 

0*274 gm. of anhydrous lactate of lime (ox) yielded 
by combustion with chromate of lead, 0*8385 gm. of 
carbonic acid, and 0*1152 gm. of water. 

0*6420 gm. of anhydrous lactate of lime (fox) 
yielded 0*7660 gm. of carbonic acid, and 0*274 gm. 
of water. 
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The anhydrous lactate of lime therefore contains— i 

Calculated. Found. 

Compofti- 6 eqs. Carbon 86 33*02 33*11 32*54 

^of^' 5 eqs. Hydrogen 5 4-59 4-66 470 

lime; 5 eqs. Oxygen 40 3671 36-68 37U 

leq. Lime 28 2568 2565 2565 

1 eq. anhydrous Lactate of lime 109 10000 100*00 100*00 

of lactate of The lactate of zinc, prepared from flesh, was also 
analysed. 



zinc. 



Gm. 6m. p.c. 

0*499 of lactate of zinc, when heated to 212<^, lost 0*068 of water = 13*6 
1*3295 „ „ 0*1775 „ =13*3 

Mean loss 13*45 

0*564 gm. of crystallised lactate of zinc left, when 
ignited, 0*1645 gm. of oxide of zinc = 29*16 per 
cent. 

0*8153 gm. of anhydrous lactate of zinc left, when 
ignited, 0*1052 gm. of oxide of zinc = 33*31 per 
cent. 

0*5690 gm. of the anhydrous lactate yielded, by 
combustion, 0*6125 gm. of carbonic acid, and 0*213 
gm. of water. 

0*2260 gm. of the anhydrous lactate yielded, by 
combustion, 0*244 gm. of carbonic acid, and 0*0838 
gm. of water. 
Its formula Heuce, the crystallised lactate of zinc contains* — 

* According to the investigations of Engelhard and Maddrell, 
lactate of lime, prepared hy Fr^my's process, contains 5 eqs. 
(=: 29 p. c.) and the lactate of zinc 3 eqs. (= 18 p. c.) of water 
of crystallisation. It is possible, that this variation in the 
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Calculated. Found. 

1 eq. Lactic add 81 58*07 57*44 in the crys- 

1 eq. Oxide of zinc 405 2903 29-16 ' 

2eq8. Water 18 12*90 1340 

1 eq. crystallised Lactate of zinc 139*5 100*00 100*00 

The ultimate analysis of the anhydrous lactate of in the an- 

, . hydrous 

Zinc gives state. 

6 eqs. Carbon 36 29*63 29*35 29*44 

5 eqs. Hydrogen 5 4*11 4*16 4*12 

5 eqs. Oxygen 40 32*93 33*18 3313 

1 eq. Oxide of zinc 40*5 33*33 33*31 33*31 

leq. anhydrous Lactate of zinc 121*5 100*00 10000 10000 

From the preceding analysis it evidently appears The non- 

azotised 

that the non-nitrogenised acid occurring in 4;he acid of flesh 

Is lactic 

animal organism is identical with the acid formed acid, 
in milk when it becomes sour, and into which sugar 
of milk, starch, scrape suirar, and cane sus^ar are 
oonverM by J J wi.f..W s.tata„i i« a 
state of decomposition.* 

The inorganic Constituents of the Juices of Flesh. 
Chevreul has already directed attention to the inorganic 

consti- 

very large quantity of inorganic substances contained tuents of 
in the juice of beef. In his experiments they flesh. 

amount of water in these two salts depends on this, that the 
lactates from flesh were crystallised by slow evaporation, and not 
by cooling. 

* From the most recent researches of Engelhard and Maddrell, 
lactic acid aj^pears to be a bibasic acid. It forms an acid salt 
with baryta, and its formula must consequently be doubled* 
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amounted to rather more than a fourth part of the 
weight of the matters dissolved in the soup when the 
flesh is boilei with water. Of the saline mass which 
he obtained by drying up and incinerating the solu- 
tion, 81 per cent, were found soluble in water, and 
the insoluble residue of 19 per cent, consisted of 
5*77 of phosphate of lime and 13*23 of magnesia. 
Aivaiine It is evident that alkaline salts are the preponde- 

Baits pre- 
ponderate rating inorganic constituents of the juice of flesh, 

and that phosphate of lime is in the smallest pro- 
portion compared to those salts and to the mag 
nesia. 
Importance Now, siucc WO may assume with a degree of pro- 
ganic con. bability almost amounting to certainty, that, in so 
perfect a machine as the animal organism, every 
part has its significance, I have thought it of im- 
portance to make some experiments on the nature 
of the mineral acids and alkaline bases occurring in 
the juice of flesh, and their mutual relations, experi- 
ments which, however imperfect, may still serve as 
points of departure for future researches. 

The organised constituents of the body have been 
derived from unorganised matters, and return to the 
unorganised state ; and it is especially with the un- 
organised substances that our researches must begin. 
If now it can be demonstrated by investigation that 
certain inorganic constituents occur in the flesh of 
all animals, and are never absent therefrom, it will 
follow that they are essential to the function of the 
muscles, those most complex parts of the organism ; 
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while, on the other hand, a variation in their relative 
proportions enables us to infer a corresponding varia- 
tion in some vital action. 

When the juice of flesh (extracted as formerly The ash of 

the juice of 

described, and therefore diluted with water) is meat con. 

tains only 

evaporated, even without the addition of baryta, it alkaline 

acquires at last, even when the temperature never Lrchio-** 

exceeds 112**, a brown colour, and a taste of roast 

meat, and leaves when ignited an ash, which may 

be burned white, although with some difficulty. 

This, ash dissolves almost entirely in water, and in 

this solution acids occasion no effervescence ; the 

adh) therefore, contains no alkaline carbonates. A 

more minute examination shows that it consists 

only of alkaline phosphates and chlorides. 

The precipitate formed by biaryta in the juice of No sul- 
phates are 
flesh in many case^ dissolve!^ entirely in diluted present. 

nitric acid; and. in those cases in which a residue 

of sulphate of baryta is left, its quantity is so trifling 

that, for example, in the entire flesh of a fowl or of 

a fox its weight cannot be ascertained. Sulphates 

or sulphuric acid are therefore not present in the 

juice of flesh, a fact already ascertained by Ber- 

zelius. 

The soluble salts obtained from . the ash of the The differ- 

ent forms 

juice of flesh contain the different modifications of of phos- 
phoric acid. 
phosphoric acid, which are easily distinguished by 

their action on nitrate of silver. 

It is well known that common or tribasic phos- 
phoric acid forms three different salts with the. 
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alkalies ; two of these, in their aqueous solution, 

have an alkaline, the third has an acid, reaction. 

Characters When a Salt of phosphoric acid with 3 atoms of 

ferent " fixcd base, which is strongly alkaline, is mixed with 

triwic neutral nitrate of silver, a yeUow precipitate is 

phatM. formed, the alkaline reaction disappears, and the 

mixture, after precipitation, if a slight excess of the 

nitrate of silver be present, is perfectly neutral to 

test-paper. 

The salts of tribasic phosphoric acid with 2 atoms 
of fixed base have also an alkaline reaction. They 
give with neutral nitrate of silver the same yellow 
precipitate, and the mixture, after precipitation, is 
neither alkaline nor neutral, but acid. 

When these latter salts are ignited, they are 
converted into pyrophosphates (bibasic phosphates), 
which, when dissolved in water, exhibit an alkaline 
reaction, and give with neutral nitrate of silver a 
white precipitate. After precipitation, the mixture 
is neutral. 

The salts of tribasic phosphoric acid with 1 atom 
of fixed base have a strong acid reaction. With 
neutral nitrate of silver they give the yeUow precipi- 
tate formerly mentioned, while the mixture retains 
its acid reaction. 

When ignited, these latter salts pass into meta*. 
phosphates (monobasic phosphates), of which the 
metaphosphate of potash is not soluble in water. 
Metaphosphate of soda dissolves readily in water, 
and gives with nitrate of silver a white precipitate. 
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which again dissolves in an excess of the precipi- 
tant. 

If we compare with the characters just described Charactem 

oftheaflhes 

those of the ash of the juice of flesh, we observe of th© juice 
the following facts. The ashes of the juice of flesh, 
in the case of the ox, horse, fox, and roe-deer, give 
with water a strongly alkaline solution, which is pre- 
cipitated, first white, then yellow, by neutral nitrate 
of silver ; and the mixture, after complete precipi- 
tation, is perfectly neutral. This proves that the they con- 
ashes contain salts of phosphoric acid, with 2 atoms phosphates 
(pyrophosphates), and with 3 atoms (tribasic phos- phosphates, 
phates) of fixed alkaline base. 

If these ashes are mixed with nitric acid, dried 
np, and again ignited, by which means the chlorine 
of the alkaline chlorides is expelled, and the metals 
added to the phosphates in the form of oxides, the 
proportion between the white and the yellow preci- 
pitate with nitrate of silver is altered, the quantity 
of the yellow precipitate being increased ; but the 
two colours of the precipitate are constantly ob- 
served. 

The ashes of the juice of the flesh of fowl give The ashes 

of the juice 

a different result. The aqueous solution precipitates of fowl con. 
nitrate of silver pure white ; the ashes, therefore, 
contain alkaline pyrophosphates ; and when they are 
acted on by nitric acid and again ignited, the solu- 
ble portion still precipitates nitrate of silver only 
white, although an additional quantity of alkali is 
thus added to the phosphate originally present. 

H 
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tain pyro- From this it follows, that the juice of the flesh of 
and meu. fowl must contain a certain though small quantity 
^ '^ * of alkaline phosphate with 1 atom of fixed base 
(metaphosphate), since, otherwise, after the action 
of nitric acid on the ashes, a certain quantity of 
phosphate with 3 atoms of fixed base (tribasic phos- 
phate) must have been produced, and thereby a 
yellow precipitate must have been formed, to a cor- 
responding extent, in the nitrate of silver. 
Proportion The wholo amouut of alkalies, therefore, present 
tothephos. in the juice of the flesh of the ox, horse, fox, and 
p oncaci . yo^^gy^ jg j^^^ su£Bcient to convert the phosphoric 

acid of the juice entirely into the so-called neutral 
salt, that is the salt with 3 atoms of fixed base. In 
the fowl, the whole of the alkali is not even suffi- 
cient to convert the phosphoric acid entirely into 
the salt with 2 atoms of fixed base. 

I have mentioned in a preceding part of this 
memoir, that the juice of flesh, even before all the 
phosphoric acid has been precipitated by baryta, at 
a period, therefore, when it can contain no baryta 
dissolved, acquires an alkaline reaction. 
The organic From this it is plain, that the organic acids pre- 

acids in the . • .\_ • • .-t i ,• -t » •• •!» 

juice are s^^t lu the juicc, the lactic and inosimc acids, &c«^ 
dent to taken together, are not in sufficient quantity to form 
^e I^aUei. i^^^tral salts with the alkalies contained in it, potash 
and kreatinine ; and this necessarily implies that the 
acid reaction of the juice of flesh is caused by the 
presence of acid salts of the alkalies with the three 
acids — ^phosphoric, lactic, and inosinic acids. Inosi- 
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nic add constitutes too small a part of the juice to 
allow us to ascribe to it a perceptible share in pro- 
ducing the acid quality of that fluid ; and this aci- The acidity 
dity depends, therefore, on the presence of acid depends*^ 
alkaline lactate and acid alkaline phosphate (phos- sencc'^f 
pbate with one atom of alkali) ; or, in other words, ^d ph^^- 
of neutral alkaline lactate and phosphate, along J^d"!^ 
with free lactic and phosphoric acids. 

It is obvious, that these two acids are shared 
between the bases present, and that the amount of 
free acid present must stand in a definite relation to 
the quantity of the bases. 

Between the two acids, so far as they are uncom- EquiH- 
bined, an equilibrium is established ; the quantities tween thesfe 
of the free acids are proportional to their aflSnity or 
power of combination. 

If we suppose the quantity of one of these free 
acids to be by any means increased in the juice of 
flesh, that portion of the other, which is free, must 
in like manner increase ; and if, by any means, the 
amount of the one free acid be diminished, the free 
portion of the .other must diminish in the same 
proportion, so that a new equilibrium may be estab- 
lished l)etween the free portions of both. If, for 
example, a portion of phosphoric acid be added to 
that present in the juice, a part of this must seiz6 
on a part of the alkali of the alkaline lactate ; thus 
a new quantity of acid phosphate of the alkali will 
bid formed, . and a corresponding amount of lactic 
acid set free. Exactly in the same way must a 

h2 
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correspondiDg quantity of phosphoric acid be set 
free, when the amount of lactic acid present is in 
any way increased. 

Now, since the quantity of phosphoric acid in the 
juice is sufficient to neutralise all the alkali present^ 
while the organic acids are present in smaller pro* 
portion and do not suffice to form neutral salts with 
the alkali, it follows that the removal of lactic acid 
would give rise to the produttion of neutral phos- 
phates, and the removal of phosphoric acid would 
cause the formation of neutral lactates, along with 
free alkali. 
WhcD The salt of phosphoric acid, which is formed when 

^amc all organic acids are removed from the juice of flesh, 
^ogp^oric although neutral in composition, has an alkaline 
J^ovSi, reaction; and when all the phosphoric acid is 
^tiS^e! removed, there are left salts of organic acids, which, 
from the presence of free alkali, also possess an 
alkaline reaction. 
Ezpiana- The preceding considerations naturally lead to 
Bomepro- the explanation of some processes in the animal 
tS^orgMi- organism. If the stomach obtain from the blood the 
"°^' >same acids, which we have found to exist in the juice 

of flesh, the blood must possess, during digestion, a 
stronger alkaline quality than it has in the normal 
state ; and consequently, if the blood is to preserve 
its normal condition, it must either obtain from the 
muscles a supply of acid, exactly equal to that 
which has passed into the stomach, or the excess of 
alkali must be conveyed to the muscles, or secreted 
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by the kidneys. If the urine of the animal were 
acid before digestion, it must, on the latter suppo- 
sition, become, during that process, transiently neifc 
tral or alkaline ; if it contained a certain quantity 
of free alkali, that must be increased. 

The function of the kidneys, as has long been 
known, consists in the preservation of an equilibrium 
in the quality of the contents of the blood ; and 
this includes the removal of products of the change 
. of matter, and of all such substances as affect the 
normal quality of the blood. In this point of view what pur- 

_^ 1MM6 U 

the solution of the question, *' What purposes does served by 
lactic acid serve in the organism?" is of peculiar add? 
importance. On this point I have made some 
experiments, which may perhaps assist us in ap- 
proaching nearer to the solution. 

I have, in the first place, repeatedly endeavoured Lactic add 
to detect the presence of lactic acid in fresh urine, occur in 
possessing the usual acid reaction. But I have not urine, 
been fortunate enough, with the aid of the same 
process by means of which I succeeded in demon- 
strating its presence in the juice of flesh, to detect 
even a trace of lactic acid in the urine of healthy 
young men. The urine was evaporated in the 
water-bath to the consistence of syrup, mixed with 
diluted sulphuric acid, and the acids thus set free 
taken up by alcohol. The alcoholic solution was 
evaporated in the water-bath to a thin jsyrup, to 
which half its bulk of alcohol and then ether were 
added, until no more turbidity ensued. If lactic 
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acid were present, it must have been dissolved in this 
liquid, which evidently contained much hydrochloric 
^icid. The ether was removed by evaporation, the 
residue diluted, with water, and acted on, when 
cold, with an excess of oxide of silver. All the 
hydrochloric acid was in this way separated as 
chloride of silver ; had lactic acid been present, the 
very soluble lactate of silver must have been 
formed ; but no oxide of silver remained in the 
filtered solution. The addition of milk of lime, 
precipitated no oxide of silver, and the solution thus 
neutralised gave on evaporation a small quantity of 
very pure urea, but no lactate of lime. 

Putrid urine, treated in the same way, yielded a 
Jittle acetate of lime in slender needles, but in nt> 
instance lactate of lime. 

The urine of healthy men, which has an acid 

reaction, contains, therefore, no lactic acid, and no 

substance from which lactic acid can be formed 

during the putrefaction of urine.* 

It cannot With respoct to the presence of lactic acid in 

in the urine alkaline uriue, the following experiment is suffi- 

when taken • ii i • • mi i. 

intemaUy. cieutly dccisivo. Three persons, among whom 
were my two assistants, took a quantity of lactate 
of potash sufficient to have yielded an ounce of 

* The absence of lactic acid in the urine which I examined, 
does not exclude the opinion, that in certain conditions lactic 
acid may opcur in the urine, as occurs in regard. to other consti- 
tuents of the body, which are not found in the urine of healthy 
persons, while they may be detected in that fluid m certain pa- 
thological states. 
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lactate of zinc. All the urine for the two sub- 
sequent hours was collected. In each case the 
urine before the experiment had an acid reaction ; 
that which was passed immediately after taking 
the lactate was strongly alkaline, and the potash 
was easily detected in it, the quantity of that base 
present exceeding that in ordinary urine. But 
it was impossible to detect the lactic acid in this 
Urine ; it had entirely disappeared during its pas- 
sage through the blood. 

From this it plainly appears, that the lactic acid The lactic 

, , acid is con- 

m the orgamsm is employed to support the respira- sumcd in 

respiration. 

tory process, and the function performed by isugar, 
starch, and in general all those substances which, in 
contact with animal matter are convertible into lactic Function of 

sugar, &c. 

acid, ceases to be an hypothesis. These substances is no longer 
are converted in the blood into lactates, which are 
destroyed as fast as they are produced, and which 
only accumulate where the supply of oxygen is less, 
or where some other attraction is opposed to the 
agency of that element- When we consider that 
the urine of graminivorous animals contains a large 
quantity of free alkali, which is secreted from the 
blood ; that, consequently, in the blood a current of 
dissolved alkalies is carried through the whole mass 
of the body, and especially through the substance of 
the muscles, while the fluid which is in contact with 
the external part of the blood-vessels and lympha- 
tics (the juice of flesh) retains an acid reaction, we 

, , Some cause 

perceive that a cause must necessarily be in action must pre- 
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▼entthere. at theso points, which prevents the removal of the 
the free free acids, or, if they are removed, reproduces them 

adds in _ /• • 

muflcies. at each moment of time. 

The blood-vessels and lymphatics contain an alka- 
line fluid, while the surrounding fluid, that of the 
flesh, is acid; the tissue of which the vessels are com- 
posed is permeable for the one or the other of these 
The condi. fluids. Here then are two conditions favourable to 
eiec^caf'^ the productiou of an electrical current, and it is far 
^J^t."* from improbable, that such a current takes a certain 
share in the vital processes, although its action be not 
always indicated by proper electrical effects.* 
Potash pre. I havo already mentioned, that the juice of flesh, 
m the'^oe in all auimals, is particularly rich in potash, and that 
^ it contains also chloride of potassium, with only 

traces of chloride of sodium. Now, as every con- 
stant peculiarity in the form or in the composition 
of any part of the body has a significance of its 
own, this fact, namely, the predominance of salts of 

* Professor H. Buff has, at my request, constructed a pile, 
consisting of discs of pasteboard moistened with blood, of mus- 
cular substance (flesh), and of brain. This arrangement caused a 
very powerful deviation of the needle of the Galvanometer, indi- 
cating a current in the direction from the blood to the muscle. 

When water was substituted for the brain, the action was 
much weaker. The current arising from contact of the blood 
alone with the platinum was, in this case, in the direction oppo- 
site to that of the current just mentioned. The electrician will 
find nothing surprising in this, since the blood has an alkaline, 
the flesh an acid, reaction, while the brain has a scarcely percep- 
tible degree of alkalinity. 
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potash and of chloride of potassium, in the juices of 

flesh, appears to me to be so much the more worthy 

of attention, that, in the blood, only proportionally 

small quantities of the salts of potash, and prepon- Soda pre- 
ponderates 
derating quantities of the salts of soda, and of com- m the 

blood. 

mon salt, are present. 

To give a specific direction to our views on the Relative 

propoitioikB 

subject of these differences, I have thought it ad- of potash 

,_ , •i*-i-i '"^ soda ui 

visable to make some experiments, m which the flMhand 
relative proportions of the compounds of sodium 
and potassiuin in the bloody and in the juice of 
the flesh, was determined comparatively in different 
animals. 

In these determinations the phosphoric acid was Method 
precipitated from the fluid of flesh by baryta, the *"^ ^ 
filtered liquid evaporated to dryness, and the residue 
incinerated. The ashes, thus obtained, are very 
fusible and of peculiar character, consisting almost 
entirely of cyanate of potash and cyanide of potas- 
sium, exactly as in the ashes of an alkaline urate. 
When these ashes are dissolved in hydrochloric 
acid, effervescence ensues, as with a carbonate, from 
the decomposition of the cyanic acid; a certain 
amount of sal ammoniac is formed, and hydrocyanic 
is abundantly disengaged. If bichloride of plati- 
num be now added, to separate the potash from the 
soda, the precipitate which is formed contains ammo- 
nia-chloride of platinum, by which the determina- 
tion of the potash is rendered inaccurate. It is 
therefore necessary, before adding the bichloride of 
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platinum, to evaporate the solution of the ashes in 
hydrochloric acid to dryness^ to ignite the residue, 
and thus expel the sal ammoniac. 

Results In the analyses made by Hennebwg of the blood 

of fowls, for which the blood of all the fowls used 
in my researches on the juices of their flesh was 
employed, there were obtained, including the chlo- 
ride of sodium, for 100 parts of soda, 40*8 parts of 

intiiBFowi, potash. The juico of the flesh of the same fowls 
yielded, for 3*723 gms. of double chloride of pla- 
tinum and potassium, 0*374 gm. of chloride of 
sodium. 

Ox, Ox-blood gave, for 0*184 gm. of chloride of pla^ 

tinum and potassium, 1*133 gm. of chloride of 
sodium. 

The juice of ox-flesh gave, for 1*933 gm. of chlo- 
ride of platinum and potassium, 0*2536 gm. of 
chloride of sodium. 

Horse, Horsc-blood gave, for 1*351 gm. of chloride of 

sodium, 0*341 gm. of chloride of platinum and 
potassium. 

The juice of horse-flesh gave, for 4*414 gm. of 
chloride of platiniun and potassium, 0*544 gm. of 
chloride of sodium. 

Fox, The juice from the flesh of a fox, killed in the 

chase, gave, for 1*474 gm. of chloride of platinum 
und potassium, 0*250 gm. of chloride of sodium. 

and Pike. The juice fipom the flesh of the pike gave, for 
1*964 gm. of chloride of platinum and potassium, 
0*065 gm. of chloride of sodium. 
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These results, when reduced and tabulated, give — Tabular 



view. 







Potash in 


Potadim 






the Blood. 


the Fleah. 


For 100 parts of soda in 


the Fowl 


40-8 


384 


>> 


Ox 


5-9 


279 


9* 


Horse 


9-5 


285 


t> 


Fox 


*» 


214 


$f 


Pike 


*» 


497 



It is hardly necessary to state, that these num- These nam- 

ben only 

foers only express approximatively the proportions of approzi- 
potash to soda in the flesh, because it is impossible 
to obtain the juioe of the flesh of the ox, horse, and 
fowl, free from blood and lymph, fluids whi<di con- 
tain much soda. Had it been possible to obtain the 
juice of flesh unmixed with blood and lymph, the pro- The juice of 
portion of potash to soda would have come out much possibly 

oontain no 

higher; so much so, indeed, that the conclusion, soda, 
that salts of soda form no part of that fluid, is not 
destitute of probability ; and i^ as is supposed, the 
lymphatic vessels possess the power of taking up 
the salts of soda which pass from the capillaries 
into the substance of the muscles, and returning 
these salts to the larger blood-vessels, the &ct just 
mentioned admits of a very simple explanation. 

From the great difference of chemical nature The per- 
and qualities in the fluids circulating in the different tibe resseis 
parts of the organism, it follows, that there must ^oxJm^ 
be a very remarkable difference in the permeability SSrent. 
of the parietes of the vessels for these fluids. Were 
this permeability in all oases the same, there must 
have been found as much of the salts of soda and 
potash in the juice of flesh as in the blood ; byt the 
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blood of the ox and the fowl contains nearly a third 
of its whole saline contents of chloride of sodium, 
while hardly a trace of this compound occurs in the 
juice of flesh. 
Potuhpre- The vessels which secrete milk must stand in a 

pooderates 

in milk. similar relation to the blood-vessels ; for in the milk 
of the cow, the salts of potash preponderate very 
greatly over those of soda, and are present also in 
much larger quantity than in the saline constituents 
of blood. 

Accnnrau. In somo pathological conditions there has been 

tion of free 

adds in obsorved,* at points where bones and muscles meet^ 



■ome mor- 



bid states, an accumulation of free lactic and phosphoric acidg^ 
which has never been perceived at those points in 
the normal state. The solution and removal of the 
phosphate of lime, and therefore the disappearance 

causing the of the bouos, is a cousequenco of this state. It is 

disappear- 

anoe of the uot improbable that the cause, or one of the causes, 
of this separation of acid from the substance of the 
muscle, is this — that the vessels, which contain the 
fluid of the muscles, have undergone a change, 
whereby they lose the property of retaining within 
them the acid fluid they contain. 
Importance The coustaut occurrenco of chloride of sodium 
of sodium SLud phosphate of soda in the blood, and that of 
blood. phosphate of potash and chloride of potassium in the 
juice of flesh, justifies the assumption that both facts 
are altogether indispensable for the processes car- 
ried on in the blood and in the fluid of the muscles. 

* Schmidt, Annalen der Chemie und Pharmacie, vol. Ixi. 
p. 329. 
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Proceeding on this assumption, the necessity for Use of salt, 
adding common salt to the food of many animals is 
easily explained, as well as the share which that salt 
takes in the formation of blood, and in the respira- 
tory process. 

It is a fact, now established by numerous analyses, inland 

plants 

that the ashes of plants, growing at a certain dis- 
tance from the sea, contain no soda, or only traces 
of that base. 

The ordinary potashes of mland countries give contain no 

BodBf and 

most convincing proof of this ; for they but rarely uttie chio- 
contain any carbonate of soda ; and when a com* dinm. 
pound of sodium occurs in them, it is not phosphate 
or sulphate of soda, but chloride of sodium. Wheat, 
barley, oats, root-crops, and plants with esculent 
leaves, in the Odenwald, in Saxony, and in Bavaria, 
contain only salts of potash, without salts of soda ; 
and if, in several, soda sometimes occurs, chlorine is 
also present, and both are in the proportion to form 
sea salt. 

In plants growing in maritime countries near the The same 

1 • It -rrri plantain 

sea coast, these proportions are altered. Wheat, maritime 
pease, and the other leguminous plants, in the contain 
Netherlands, contain phosphate of potash, and also ^tash? 
phosphate of soda, the phosphate of potash, how- 
ever, always predominating. 

This is the case even in sea plants, living in a Even sea 
medium which contains, compared vnth its amount tain more 
of soda or sodium, a mere fraction of potash. All £kUi. 
sea plants contain much more potash than soda. 
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ACTION OF PHOSPHATE OF POTAgH 



Necessity 
of chloride 
of sodiam 
to animals, 
feeding on 
inland 
plants. 



Action of 
phosphate 
of potash 
on chloride 
of sodium. 



In respect to these two bases, therefore, the food 
of animals is not in all places of the same quality or 
composition. 

An animal, feeding on plants which contain phos- 
phates of other bases, along with some compound of 
soda or sodium, produces in its bodj the phosphate 
of soda indispensable to the fonnation of its blood. 
But an animal, hying inland, obtains in the seeds, 
herbs, roots, and tubers which it consumes, only 
salts of potash* It can produce, from the phosphates 
of lune and noiagnesia, by decomposition with the 
salts of potash, only phosphate of potash, the chief 
inorganic constituent of its flesh ; but no phosphate 
of soda, which is a compound never absent in its 
blood. Whence, therefore, does it obtain this phos- 
phate of soda ? The true answer to this question is 
given by a study of the action of phosphate of potash 
on chloride of sodium. Phosphate of potash, with 
2 atoms of potash (tribasic phosphate of potash^ 
with 2 atoms of fixed base and 1 atom of water) 

f 2 K 01 
= P O,^ IT O r ^ deliquescent, hardly crystallis- 

able, and has a very feeble tdkaUne reaction. 

When we supersaturate phosphoric add (tri- 
basic) with potash, and evaporate to crystallisation, 
a salt is deposited, which has an (icid reaction 

= P Os-j o TT f) [• There is no salt which loses half 

the amount of base it contains so easily as the phos- 
phate of potash. If phosphoric acid be neutralised 
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with potash, and chloride of sodium added to the 

solution, and the whole lefb to spontaneous eTiapb- 

ration, a phosphate crystallises, which contains both 

/ rNa O 

potash and soda (the triba^sic salt F O5 < K 

\ I HO. 

while chloride of potassium is found in the mother 

liquid. 

It is obvious, that phosphate of potash is decom- 
posed when in contact with chloride of sodium; 
part of the potassium combines with the chlorine, 
while the sodium replaces it in the phosphate, 
phosphate of soda being produced.* 

In this way we can understand the formation of 
phosphate of soda in the body of an animal, which 
obtains in its food, along with phosphate of potash, 
or earthy phoi^hates and salts of potash, no com- 
pound of soda except chloride of sodium ; and when, 
in inland countries, the food does not contain com- 
mon salt enough to produce the phosphate of soda 
necessary for the formation of the blood, then more 
salt must be added to the food. From the common 
salt is produced, in this case, by mutual decomposi- 

* It is evident that the tribasic salt above mentioned, 
P O5 s K O [may equally well be represented as a double 8alt» 

LhoJ 

composed of phosphate of soda and phosphate of potash. 
,(pO.{f§})=PO.{»|l-°} + P0.{»KOJ 

W. G. 
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tion with phosphate of potash or with earthy phos- 
phates, the phosphate of soda, of the blood. 
The phos- That phosphato of soda is indispensable to the 
soda in the Qormal Constitution of the blood, and that the pro- 
noTbc*i«-" cesses which go on in that fluid cannot be replaced 
phmiute ^y phosphate of potash, seems to me to be an opinion 
of potash, fyiij justified by the properties of these two salts. 

Through the blood, the carbonic acid formed in 

the body is conveyed out of it, and the alkaline 

Importance quality of the blood has a very decided share in its 

tldSS^thc property of thus taking up carbonic acid ; as, on the 

ofUicd^- <>ther hand, the chemical nature of the compound, 

um^ of the ^^^ which the alkaline reaction of the blood depends, 

exerts the most marked influence on the power of 

the blood, again to give off the carbonic acid which 

it had absorbed. 

delation of I* is kuowu that frcshly-drawn blood, by mere 

caJbode agitation with air, by passing through it a current 

«ad g^ Qf hydrogen gas, or in the vacuum of the air-pump, 

gives off carbonic acid. From the experiments of 

Scheerer, at which I had the opportunity of being 

present, and of others, it is known, moreover, that, 

for example, the clear serum of ox blood, free from 

Expcri- blood corpuscules, absorbs nearly twice its volume of 

ments of 

Scheerer. carbouic acid, that is, as much more as the same 
bulk of water can absorb at the same temperature. 
The greater absorbing power of the serum is deter- 
mined by a chemical attraction, by a substance, 
which has an alkaline reaction. In fact, it is ob- 
served, that, when this alkaline reaction is destroyed. 
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when acetic acid is added to the blood saturated 
with carbonic acid, the excess of carbonic acid is at 
onee given off. But the same thing happens when 
this blood is agitated with gases, such as hydrogen, 
for a long time, and the gases renewed from time 
to time.. 

Blood, when not saturated with carbonic acid, 
gives off, in vacuo, nearly 5 p. c. of its volume of 
that gas ; the addition of acetic acid increases the 
quantity of the carbonic acid disengaged ; but even 
under these circumstances not more than half its 
volume of carbonic acid can be obtained from blood. 

Had the greater absorptive power of the serum The scnim 
of blood for carbonic acid been dependent on the contains no 

« , , ^ , J ,. . carbonate 

presence of carbonate of soda, and its conversion of soda, 
into bicarbonate of soda, this would imply that the 
blood must contain at least its own volume of car- 
bonic acid in the form of neutral carbonate of soda. 
If blood contained its own volume of carbonic 
acid in the form of neutral carbonate, and no free 
carbonic acid, this blood would absorb exactly twice 
its volume of carbonic acid (one volume to form 
bicarbonate, the other to saturate the liquid as it 
would an equal bulk of water), and the addition of 
acids which decompose the carbonate of soda, must, 
in that case, disengage a volume of carbonic acid 
equal to twice the volume of the blood. The acid 
would, in fact, disengage three volumes of carbonic 
acid, one of which is retained by the liquid. In 
the experiments of Scheerer, serum of blood, which 

I 
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had absorbed twice its volume of carbonic acid, only 
yielded half as much carbonic acid as ought to have 
been given off on the above supposition. There 
was less than one volume of free carbonic acid 
present in the serum, and the liquid retained, for 
that reason, a proportionally greater quantity of car- 
bonic acid,* 
The au- When 2,000 cubic centimetres of ox-blood, mixed 

tlior's 6z- 

perimeQts with twico their volume of water, are heated to 
thifT boiling, and the coagulum pressed out, we obtain 
about 2,000 c. c, (l-3rd of the whole liquid) of an 
alkaline liquid. If the alkaline reaction of this 
liquid arises from carbonate of soda, these 2,000 c. c. 
must contain l*3rd of the whole carbonate of soda 
contained in that volume of blood. When concent 
trated to l-3rd by evaporation, this liquid must con- 
tain exactly as much, if concentrated to l-6th, twice 

* Annalen der Chemie und Pharmacie, vol. xl. p. 30. 
L 60 vols, of Berum absorbed 124 toIb. of carbonic acid. 
II. 56 .. Ill 



»> *** tt 



116 235 

After the additiou of 30 cubic centimetres of acetic acid to the 
first portion, and of 28 c. c. to the second portion of serum, in all 
after the addition of 58 c. c. of acetic acid, there were disengaged, 
from 174 vols, of the mixture (116 vols, of serum and 58 vols, of 
acetic acid) 89 vols, of carbonic acid. Had the blood contained 
its own volume of carbonic acid in the form of neutral carbonate 
of soda, it must have given off 177 vok. of carbonic acid; that 
is, 235—58 (the volume which would be retained by the acetic 
acid). According to these experiments, the actual amount of 
carbonic acid present in the blood is calculated to be 28 per cent, 
of its volume. 
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as much, to l-12th, four times as much, and to 
1.24th, eight times as much, &c. carbonate of soda 
as an equal volume of blood. 

Now, I have concentrated this liquid to 1 -600th HigWy 
of its volume, in which state it must, on the suppo- tnSed*' 
sition formerly mentioned, contain 166 times as J^^s 
much carbonate of soda as an equal Volume of blood, ^^^ ^^^ 
if that salt were an ingredient of Mood. When 
brought in contact with carbonic acid, this concen- 
trated liquid absorbed 3 times its own volume; 
20 c. c. absorbed 60 c. c. of carbonic acid. Now 
it is certain that if this absorptive power had 
been dependent on the presence of carbonate of 
soda, the solution, saturated with carbonic acid, 
must have given oif, when mixed with acids, 3 times 
its original volume of carbonic acid, of which l-3rd 
would be retained by. the liquid. From 20 c. c, 
therefore, of the concentrated liquid, there should but does 
have been obtained 40 o. c. of free carbonic acid. offaVrace 
But this liquid^ when acted on ly acids, gave off no J^^^ded* 
appredahle trace of carbonic add gas. 

According to th6 observations of Marchand, this 
liquid is not free from carbonic acid, when it has 
been mixed with another afcid, for by heating it 
carbonic acid is expelled. But even on the most 75 cubic 
favourable supposition, that is, if we admit that the serum can- 

1. •:!. . .1 ..1 1 . • ^ •a * -I* ^o^ contain 

liquid IS saturated with carbomc acid, it is obvious more than 
that no more carbonate of soda can be contained in gj^ain of * 
it than corresponds to the volume of carbonic acid ^soda!* 
required to saturate the l-166th part of the volume 

i2 
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of the serum. This amounts, for 1,000 c. c. of 
serum, to so much soda as is saturated by 6 c. c. of 
carbonic acid gas = 0*026 gm. of carbonate of soda, 
or 2-5ths of a grain, 
butitab. The serum of blood absorbs, therefore, 166 times 

Borbs at 

least 166 moro carbouic acid than could be absorbed by the 

times more 

carbonic vorj largest proportion of carbonate of soda which 

add than , 

this carbo- it Can bo supposod to coutalu ; and consequently the 
carbonate of soda, if it be present at all in the 
liquor sanguinis, can have but a most insignificant 
share in the absorptive power of that fluid for car- 
bonic acid. 

Tbi» dc- As the study of the serum and the analysis of 

pends on •' " 

the phos. the ashes of blood prove, the alkaline quality of the 
■oda. blood depends on the presence of phosphate of soda. 

Indeed, it may well be asked, from what source can 
carbonate of soda, if we suppose it to be present, 
be derived, in the blood of a man living on bread 
and flesh, or of an animal feeding on flesh, since in 
these kinds of food the alkalies and phosphoric 
acid are present in the proportion in which they 
form salts with 2 and with 3 atoms of fixed base ?* 

* The experiments of Erdmann on the incineration of wheat 
(Annalen der Chemie und Pharmacie, vol. liv. p. 354) leave no 
doubt, that the tribasic phosphates (with 3 atoms of fixed base) 
in these ashes are derived from the action of carbon on the phos- 
phates with 1 and 2 atoms of fixed base, at a red heat, or from 
the decomposition of chloride of sodium in contact with these 
phosphates. In the analyses of Henneberg, where this last cause 
was avoided, the formation of p3rrophosphate of soda proves, that 
the blood of fowls contains tribasic phosphate of soda with 2 
atoms of fixed base (P O5, 2 Na O, H O). 
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There is no known salt, the chemical characters Remark. 
of which approach more closely to those of the peitiMof 
serum of blood, than the phosphate of soda ; there 5f ^da.'^ 
is none more fitted for the absorption and entire 
removal from the organism of carbonic acid. This 
salt behaves towards carbonic acid exactly as neu- 
tral carbonate of soda ; its aqueous solution absorbs 
carbonic acid gas with the same facility, but with it not only 
this difference, however, that under the influence of but also 
the same causes which decompose the neutral car- Srbo^c' 
bonate, and the bicarbonate of soda, this solution great fiici- 
gives off the carbonic acid which it has absorbed ^' 
much more easily, and also more completely, since 
it does not, like soda, in its conversion from bicar- 
bonate into neutral carbonate, retain any portion of 
carbonic acid. 

When carbonic acid gas is placed in contact with 
a solution of 1 part of dry phosphate of soda 
(P0„ 2NaO, HO), in 100 parts of water, twice 
as much carbonic acid is absorbed as an equal 
volume of water, at the same temperature, can 
take up.* 

By simple agitation with air, or by diminution of 
the atmospheric pressure, 2-3rds of the absorbed 
carbonic acid are given off at the ordinary tempera- 
ture; by contact with fresh carbonic acid, these 
2-3rds are immediately again absorbed.f 

* A solution of phosphate of soda, saturated with carbonic 
acid, may be recommended as one of the pleasantest saline pur- 

e^^'"^' Expert, 

t A solution of 1 part of dry phosphate of soda, P O5, 2 Na O, menti. 
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Uses of the Bv the SDontaneous eyaporation in the air of the 

phosphate 

of soda in solution 01 phosphate of soda, saturated with car* 

hlood. 

bonic acid, the whole of the carbonic acid is given 

H O, in 100 parts of water, when agitated with pure carbonic 
acid gas, free from atmospheric air, absorbed : 

I. 

Solution, cubic centimetres 59 

Carbonic acid absorbed c. c 104 

100 vols, of the solution absorb, therefore 1 76 
Mean amount of gas absorbed by 100 vols, of solution :^ 190 vols. 
The water which had been used for the solution was treated in 
the same way, and absorbed : 

I. 

Water, c. c 104 

Carbonic acid absorbed c. c 98 

100 vols, of water absorb, therdfore 95 
Mean amount of gas absorbed by 100 vols, of water =: 92 vob. 
A portion of the solution of phosphate of soda, as above, was 
saturated with carbonic acid, and then ligitated with repeated 
portions of air, as long as any carbonic acid was expeUed. The 
sdution was now placed in contact with pure carbonic acid gas, 

and absorbed : 

I. 

Solution, c. c 62 

Carbonic acid absorbed C; o 88 

1 00 vols . of solution absorb, therefore . , . 1 43 

Mean amount abscHrbed by 100 vols, of solution = 138. 
A similar solution of phosphate of soda, saturated with car- 
bonic acid, was deprived, as completely as possible, of that gas, 
under the receiver of the air-pump, being left for two hours under 
a pressure of 2'". When again placed in contact with carbonic 

add, it absorbed : 

I. 

Solution, c. c 74 

Carbonic acid absorbed c. c. ... 99 

100 vols., therefore, absorb ... 120 

Mean amount absorbed by 100 vols, of solution =: 130. 



II. 


III. 


IV. 


67 


68 


89 


91 


99 


116 


134 


145 


130 



11. 


III. 


80 


70 


107 


96 


133 


137 
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off, and the phosphate is left, with all its original 
properties, including its alkaline reaction. 

When carbonic acid is taken up by the blood, Action of 

carbonic 

there is established between the phosphoric and car- acid on the 
bonic acids an equilibrium, similar to that existing 
in the juice of flesh between the phosphoric and 
lactic acids. In the same way as these last divide ^ 
between them the potash of the juice, so do the 
carbonic and phosphoric acids divide between them 
the soda of the blood. There can be no circum- 
stances more favourable to the separation of one or 
other of the two acids. 

If we assume, that the carbonic acid seizes a por- 
tion of the soda, we may imagine that the phospho- 
ric acid, previously combined with this portion of 
base, is expelled from the place it originally occu- 
pied, and thus set free ; but it does not yet, on that 
account, separate from the compound. We can say 
that the carbonic acid is converted into carbonate of 
soda, only when the free phosphoric acid has been 
rempved, and employed in another quarter ; but in 
. point of fact, this phosphoric acid, thus displaced, is 
always present, and retains, unimpaired, its power 
of again combining with the soda. The slightest 
cause, coming in aid of its affinity, so as to give it 
the preponderance (and to this category belong all 
causes which diminish the affinity of carbonic acid 
for soda), suffices to displace the carbonic acid, and 
to reproduce the original compound. Agitation with 
air; the spontaneous evaporation of the water, in 
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which the compound is dissolved ; the diminution 
of the atmospheric pressure ; all these causes, which 
have no effect on neutral carbonate of soda, produce 
decomposition, and cause the separation of the car- 
bonic acid, taken up by the phosphate . of soda in 
Theamount the blood. In this manner, the amount of carbo- 

of carbonic 

acid in the uic acid in the blood is kept at a constant value. 

keptuni- If moro carbouic acid enter the blood from the 
body, more phosphoric acid is set free in proportion, 
and thereby a more easy and complete separation 
of the carbonic acid in the lungs is secured. If 
more soda be taken up, then a part of the carbonic 
acid, which would otherwise have escaped by the 
lungs and skin, is expelled by the urinary passage 
in the form of carbonate of soda. 

Influence of It is oasy to foresoo, that a more exact study of 

acids ) alka- 

lies, and the influence which alkalies, salts, and mineral acids 

salts on re- , . . - 

spiration. excrt ou the rcspiratory process in the normal state, 

must lead to the most beautiful and valuable results 

in regard to their employment in various diseases. 

The juice It has already been pointed out, that in the juice 

contains of flcsh the amouut of phosphate of lime, compared 

lime. with that of phosphate of magnesia, is very trifling. 

In fact, the juice of ox-flesh contains so little lime, 

that the quantity obtained from many pounds of flesh 

amounted only to a few milligrammes (1 milligramme 

= l-75th of a grain, nearly) ; but in the juice of 

the flesh of fowls, the relative proportions of these 

two bases admitted of more exact determination. 

Tf um^^o'' The juice of fowl's flesh was precipitated by 
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baryta, the precipitate dissolved in hydrochloric magnesia 
acid, thQ baryta separated by sulphuric acid, and of fowl. 
then the phosphoric acid removed by means of 
sesqui-chloride of iron and ammonia. The lime and 
magnesia then remained in solution. There were 
obtained 0*72 gm. of carbonate of lime, and 0'431 
gm. of phosphate of ammonia and magnesia ; or for 
10 parts, by weight, of lime, 39*2 parts of magnesia. 

The proportion of the phosphoric acid combined Proportion 

of alkaline 

with alkalies, to that united with magnesia, in the phosphates, 
juice of ox-flesh, was determined in the following 
manner. The precipitate formed by baryta contains 
all the phosphoric acid, partly combined with baryta 
(as P O5, 3 Ba 0), partly with magnesia (as P O5, 
3 Mg 0). This precipitate was decomposed by sul- 
phuric acid, and the liquid, filtered from the sulphate 
of baryta, was precipitated by ammonia. In this 
way the magnesia was thrown down, in the form of 
the usual double phosphate. The liquid filtered 
from this precipitate contained the phosphoric acid 
originally combined with alkalies, and when mixed 
with sulphate of magnesia yielded a new precipitate 
of the same double phosphate of ammonia and mag- 
nesia. The weight of the first precipitate was to 
that of the second as 0-2782 to 0*974, or as 1 to 3-5. 
For 2 atoms of phosphoric acid, therefore, combined 
with magnesia, the juice of ox-flesh contains 7 atoms 
of phosphoric acid, combined with alkalies, chiefly 
potash. In another experiment the proportion was 
found to be as 1 to 3*2. 
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Section III. 

Practical Application of the ResuUs of the Foregoing 

Investigation. 

Effect of With reference to a future chemistry of alimen- 

boiling on "^ 

flesh. tarj substances, it appears. from these researches, 
that by the boiling of flesh an essential change in 
its composition is effected. According to the dura- 
tion of the boiling, and the amount of water em- 
ployed, there takes place a more or less perfect sepa- 
ration of the soluble from the insoluble constituents 
of flesh. The water in which flesh has been boiled 
contains soluble alkaline phosphates, lactates, and 
inosinates, phosphate of magnesia, and only traces 
of phosphate of lime; the boiled flesh Contains 
chiefly, with the fibrine, &c., the insoluble inorganic 
constituents, phosphate of lime and phosphate of 
magnesia. 

It is obvious, that if flesh, employed as food, is 
again to become flesh in the body, if it is to retain 
the power of reproducing itself in its original con- 
dition, none of the constituents of raw flesh ought 
to be withdrawn from it during its preparation for 
food. If its composition be altered in any way, if 
one of the constituents which belong essentially to 
its constitution be removed, a corresponding varia- 
tion must take place in the power of that piece of 
flesh to reassume in the living body the original 
form and quality, on which its properties in the 
living organism depend. 
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It follows from this, that boiled flesh, when eaten Boiled meat 
without the soup formed in boiling it (the bomUi soup is 
without the bouillon) is so much the less adapted for ous. 
nutrition, the greater the quantity of the water in 
which it has been boiled, and the longer the dura- 
tion of the boiling. 

When finely chopped flesh is extracted with cold Coid water 
water, it loses the whole of the albumen contained the soluble 
in it. The fibrinous residue, after being well ^teof 
washed with cold water, if boiled with water is 
found to be perfectly tasteless ; it is clear that all 
the sapid and odorous constituents of flesh exist in 
the flesh itself in the soluble state, and consequently, 
when it is boiled, are transferred to the soup. The 
smell and taste of roasted flesh arise from the so- 
luble constituents of the juice, which have under- 
gone a slight change under the influence of the 
higher temperature. Flesh, which has been ren- importance 

, of their 

dered quite tasteless by boiling with water, acquires oonstitu- 
the taste and all the peculiarities of roasted flesh, 
when it is moistened and warmed with a cold 
aqueous infusion of raw flesh which has been 
evaporated till it has acquired a dark brown colour.* 

* Note hy the Editor, -^^Th^ Stock so much used by good 
cooks, and for preparing which, generally from beef, but often 
also from mixed flesh, such minute directions are given in books 
on cookery, is essentially such a concentrated infasion of flesh as 
that described in the text. It is usually made by long boiling, 
but this is not indispensable. The addition of stock to any dish 
not only impioyes the flavour, but often restores the soluble mat- 
ter removed in previous operations, such as boiling, &c., and thus 
renders it much more wholesome and nutritious than it would 
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All sorts of flesh are alike in this respect ; the sapid 

and odorous constituents are present in the roasted 

The flavour flosh in solution, or in the soluble state. The liquid 

anrofthe which is obtained by lixiviation of different kinds of 

kindT^f flesh with cold water, after it has been heated to 

^ ' boiling, and the albumen thus coagulated, possesses, 

in all cases, the well-known general flavour of soup ; 

but each kind, individuallj, has, besides this, a 

peculiar taste, which recalls the taste and smell of 

the different sorts of flesh ; insomuch that, when to 

boiled beef, for example, the concentrated cold 

depends on aqueous iufusiou of roo-deor venison or of fowl 

ma^n IS added, and the whole warmed together, the 

beef cannot then be distinguished bj the taste 

from the venison or the fowl. A slight addition 

of lactic acid (a very little fresh sauerkraut, for 

It is height- example), or of chloride of potassium, which is 

ened by lac- 

tic add or an invariable constituent of all infusions of flesh, 
of po^-* heightens the piquancy of the flavour of meat; as 

otherwise be. A good cook judges of almost every thing by the 
taste, and we see in the text the explanation of this, since the 
sapid constituents are among the most valaable parts of the food. 
We see, also, that in cookery, as in other domestic arts, long 
experience and observation have led, in many instances, to the 
most judicious practice. It is the want of a scientific basis, how- 
ever, for the culinary art, that has given rise to many absurd and 
hurtful methods of preparing food ; as, for example, the very com- 
mon English practice of boiling meat or vegetables with a very large 
quantity of water, which is thrown away, and with it the whole, 
or nearly the whole, of the soluble matter. The advantage of 
stewing over boiling depends on the fact, that in the former all 
the soluble matter is retained in the sauce or juice, which is 
served with the meat. — W. G. 
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on the other hand, an alkaline liquid, or the addi- 
tion of blood, renders the soup or infusion of meat 
utterly insipid aiid mawkish. 

From all the different kinds of flesh we obtain, The flesh of 
by lixiyiation with cold water, the whole of the conto^ut- 
albumen present in them, in the dissolved state, men, '^ 
The quantity of coagulated albumen, which sepa- 
rates from the infusion when heated, is very differ- 
ent in different specimens, and seems to stand in a 
certain relation to the age of the animal. The flesh 
of old animals is proportionally poor in albumen, and, 
on the other hand, it is so much the richer in fibrine. but much 
From the flesh of an old horse, for example, there 
was not obtained the tenth part of the quantity of 
albumen which was furnished by an equal weight of 
ox-flesh. 

The muscular fibre, in the natural state, is every- Muscular 

fibre 

where surrounded by a liquid containing dissolved 
albumen. When this is removed, the fibre, in all 
animals, is of the same quality. The well-washed 
muscular fibre, when boiled with water, becomes, 
hard and horny, and this the more the longer it is its tender- 
boiled. It is obvious, therefore, that the tender- pendson 
ness of boiled or roasted meat depends on the men of the 
quantity of the albumen deposited between the 
fibres, and there coagulating ; for the contraction or 
hardening of the fibrinous fibres is thereby to a 
certain extent prevented. This quality, tenderness, 
however, also depends on the duration of the boil- 
ing; for the albumen also becomes harder by 
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Action of 
hot water 
on fieah. 



Best me-k 
tiiodof 
boiling 
meat. 



Tempera- 
ture re- 
quired. 



continued boiling, without, however, assuming a 
tough consistence. 

The influence of hot water on the quality of the 
meat which is boiled with it, and of the soup ob- 
tained, hardly requires, after what has been said, 
any further elucidation. 

If the flesh intended to be eaten be introduced 
into the boiler, when the water is in a state of brisk 
ebullition, and if the boiling be kept up for some 
minutes, then so much cold water added as to reduce 
the temperature of the water to 166° or 158°, and 
the whole kept at this temperature for some hours, 
all the conditions are united, which give to the 
flesh the quality best adapted to its use as food. 

When it is introduced into the boiling water, the 
albumen immediately coagulates from the surface 
inwards, and in this state forms a crust or shell, 
which no longer permits the extenial water to pene- 
trate into the interior of the mass of flesh. But the 
temperature is gradually transmitted to the interior, 
and there effects the conversion of the raw flesh 
into the state of boiled or roasted meat. The flesh 
retains its juiciness, and is quite as agreeable to 
the taste as it can be made by roasting ; for the chief 
part of the sapid constituents of the mass is re- 
tained, under these circumstances, in the flesh. 

If we reflect that the albumen of the juice of 
flesh begins to coagulate at a temperature of 105*5° 
and that it is completely coagulated at 140° (Ber- 
zelius), it might be supposed that it would not be 
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necessary, in the cooking of flesh, to expose it to a 
higher temperature than 140°. But, at that tem- 
perature, the colouring matter of the blood is not 
jet coagulated ; the flesh, indeed, is eatable, but 
when it contains blood, it acquires, under these cir- 
cumstances, a bloody appearance, which it only loses, Underdone 
when it has acquired, throughout the whole mass, a ^ 
temperature of 150° to 168°. 

In the interior of a very large piece of flesh, 
which has been boiled or roasted, we can tell with 
certainty the temperature attained in the different 
parts, by the colours which they present. At all 
those parts which appear bloody, the temperature 
has not reached 144°. In the boiling or roasting of Poultry is 
poultry, the flesh of which is white, and contains than beef 
little blood, the temperature of the inner parts, when 
the flesh has been well cooked, seldom exceeds 1 30° 
or 140°. The flesh of poultry or game is therefore 
sooner dressed (ready, or done as it is called) than 
flesh which contains much blood, such as beef or 
mutton. 

By enveloping small pieces of flesh (as is often Use of a 
done in the case of small birds, such as quails, or- la^in^ 
tolans, laiks, and even partridges) with a covering '^^ ^' 
of lard, the extraction of the sapid constituents from 
the flesh by its juices, and the evaporation of the 
water, which causes hardening, are prevented ; and 
the surface, as well as the subjacent parts, are kept 
in the tender state, which is otherwise only found 
in the inner portions of large masses of flesh. 
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How meat The introduction of the piece of raw flesh into 

is to be 

boUed to water already boiling is the best process for the 

obtain good 

soup. dressing of the meat, but the most unfavourable for 
the quality of the soup. If, on the contrary, the 
piece of raw meat be placed in cold water, and this 
brought very gradtudly to the boiling point, there' 
occurs, from the first moment, an interchange be- 
tween the juices of the flesh and the external water. 
The soluble and sapid constituents- of the flesh are 
dissolved in the water, and the water penetrates 
into the interior of the mass, which it extracts more 
or less completely. The flesh loses, while the soup 
gains, in sapid matters ; and, by the separation of 
albumen, which is commonly removed by skimming, 
as it rises to the surface of the water when coagu- 
lated, the surface of the meat more particularly 
loses its tenderness and shortness (as it is called), 
Meat from bocomiug tough and hard. The thinner the piece 
has been"^ of flosh, the moro Completely does it acquire the 
neithe"nu. last-meutioued qualities ; and if in this state it be 
d^tibic***^ eaten without the soup, it not only loses much of 
^Aoutthe j^g nutritive properties, but also of its digestibility, 
inasmuch as the juice of the flesh itself, the con- 
stituents of which are now found in the soup, are 
thus prevented from taking part in the digestive 
process in the stomach. The soup, in fact, contains 
two of the chief constituents of the gastric juice. 
GeiatiDeU I* ^as long been customary to ascribe to the 
sourw^'of gelatinous matter dissolved during boiling, which 
thestrength ^^^ ^^ couceutrated soup the property of forming 
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a jolly, the oUef ppf^rMes cur peoiiliaritiea ef this or flavour 
soup ; hut thero eanuot he a greater mistake. The ^ ^^^' 
simplest experimeuts prove that the amouat of im^ 
solved gelatiue in well^prepared soup is so small,^ 
that it eanuot come into ealeulation in explaining 
its properties. Gelatine i% in itself, quite tasteless, 
and eonsequently the taste of the soup eannot he 
derived from it. 

In order toilet^rmine the amount of geliktinous Ezpen. 
matter dissolved in the boiling - of flesh under tb^ ascertain 
most &vou7able oircumstanoes, finely-chopped pieat of gda^ 
was exhausted with cold water, pressed as dry as the m^id^ 
possible, and the residue, fibres and naembranes, ^^^^p* 
boiled for five hours with ten times its weight qf 
water, the liquid pressed out from the insoluble 
matter, and evaporated to dryness in the water-bath. 
The soup thus obtained, from beef and veal, was 
tasteless, or rather had a peculiar ^lawklsh t^^tet 
which to most persons was nauseous. That from 
veal gelatinised when redi^^ed to half, that from 
beef when reduced to l-16th of its original vo- 
lume. 

3,000 grammes Of lixiviated veal (6 lbs.) yielded, 
under these circumstances, after five hours' boiling, 
47*5 gms. of matter dissolved by the water (gela- 
tine, &c.). 

1,000 gms. of lixiviated beef (2 lbs.) yielded, in 
the same way, 6 gms. of gelatine, &c. 

It appears from these experiments, that the mua. 
cular fibres and membranes of the calf and ox^ in 

K 
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that state in which thej present to the dissolving 
energy of the water the largest surface, and after 
five hours' boiling, yielded, the former only 1-576 
per cent., the latter 0*6 per cent, of soluble mat- 
ter, of which the gelatine certainly does not con- 
stitute one-half, since some part or constituent 
of the fibrine is also dissolved under these circum- 
stances. 

Those constituents of 1,000 gms. or 2 lbs. of 
beef, which are soluble in cold water, weighed, 
when dry, 60 gms., of which 29*5 gms. were al- 
bumen. 
Amount of Under the most fieivourable circumstances, there- 
•^▼ed from forc, WO obtain, from 1,000 gms. of beef — 

meat by 

hot and By Boiling. 

"^^ '"^- r Coagulated Albumen ... 29-5 
Soluble in cold water ... 60|j^ ^^ ^^^^^^ 3^.^ 

Gelatine 6*0 

Fibres, Membranes, &c. 164*0 

Fat 20 

Water 750 



Insoluble in cold water... 170<< _,, 

l.Fil 



1,000 

It follows, that boiling water, when allowed to 
act for five hours on finely-chopped flesh, yet does 
not dissolve more than the fifth part of the matters 
soluble in cold water, even after the albumen has 
been separated by heating the cold infusion ; and 
that this fifth part, besides, does not consist of pure 
gelatine, but contains all the products dissolved out 
of the muscular fibres by long boiling. 
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Consequently the efficacy of soup, oi" decoction of 
flesh, cannot depend on the gelatine it contains. . 

The flesh of poultry contains, for equal weights, More sola. 

ble matter 

more of the matters soluble in cold water, and m poultry 

than in 

remaining dissolved after the coagulation of the beef, 
albumen, than beef does. 

From 1,000 gmst of fowl, cold water takes up 
80 gms. of soluble matter, of which 47 gms. consist 
of albumen, and 83 gms. remain dissolved in the 
liquid when boiled. ^ 

The characters of flesh described in the preceding The nutn- 
paragraphs at once suggest the best method of pre- S^Sdi^gre- 
paring, in the short space of a few minutes, the ronp'l^rt 
strongest and most highly-flavoured soup ; and any J^^^ j^ 
one may convince himself, by the simplest experi- «««^- 
ments, of the truth of the assertion made by Proust, 
that those constituents of soup, on which its taste 
and other properties depend, exist ready formed in 
the flesh, and are not in any way products of the 
operation of boiling. 

When 1 lb. of lean beef, free of fet, and sepa- Best me- 
rated from the bones, in the finely-chopped state in preparing 
which it is used for beef sausages or mince-meat, **^™^' 
is uniformly mixed with its own weight of cold 
water, slowly heated to boiling, and the liquid, 
after boiling briskly for a minute or two, is strained 
through a towel from the coagulated albumen and 
the fibrine, now become hard and homy, we obtain 
an equal weight of the most aromatic soup, of 
such strength as cannot bet obtained, even by boil- 

k2 
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ing for houis^ from a piece of flesh. When mixed 
with salt and the other usual additions, bj which 
soup is usually seasoned, and tinged somewhat 
darker bj means of roasted onions or burnt sugar, 
it forms the yerj best soup which can in any way be 
prepared from 1 lb. of flesh, 
inflnoioeof The influence which the brpwn colour of this 

the brown 

ookrar of soup, or colouT in general, exercises on the taste, in 

iSS^^t consequence of the ideas assodated with colour in 

toite™"* the mind (ideas of strength, concentration, &c.)^ 

tS^aur. ^^7 ^ rendered quite evident by the following 

experiment. The soup, coloured brown by means 

of caramel, is declared by all persons to have a much 

stronger taste than the same soup, when not 

coloured ; and yet the caramel, in point of fact^ does 

not in any way actually heighten the taste. 

Extract of If we allow the flesh to boil for a long time with 

wn^f or 

true porta- the Water, or if we boil down the soup, it acquires, 
'^^' spontaneously, when concentrated to a certain point, 
a brownish colour and a delicate flavour of roast 
meat. If we evaporate it to dryness in the water- 
bath, or if possible at a still lower temperature, 
we obtain a dark brown, soft mass, of which half 
an ounce suffices to convert lib. of water, with 
the addition of a little salt, into a strong, well- 
flavoured soup. 
Portdbie The tablets of so-called portable soup prepared in 

oommeroe England and France are not to be compared with 
pore^- the extract of flesh just mentioned ; for these are 
not made from flesh, but consist of gelatine^ more 
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or less pure, onlf distinguished from bone gelatine 
by its higher price.* 

From 32 lbs. of lean beef, free from bones and fat Beef yieidi 
(8 lbs. dry meat and 24 lbs. water), there is obtained weight of 
1 lb. of true extract of flesh, which, from its neces- beef. 
-sarily high price, can hardly become an airticle of 
commerce; but if the experience of military sur* 
geons agrees with that of Parmentier, according to 
whom ^^ The dried extract of flesh, as an article of Bitnct of 
provision in the train of a body of troops, supplies OTmm^d- 
to severely wounded soldiers a restorative, or .toSi^" 
roborant, which, with a little wine, immediately ^'gJSw^i" 
" revives their strength, exhausted by great loss of 
*' blood, and enables them to bear the transport to 
*• the nearest hospital,^ f it appears to me to be 
a matter of conscience to recommend to the atten* 
tion of governments the proposal of Parmentier 
and of Proust. 

Now that the composition of the extract of flesh characters 

.11 ofgenmne 

is somewhat more accurately known, it ought to be and of faiie 
easy for every well-informed apothecary to distin- meat, 
guish the genuine from the false. Of the true 
extract, nearly 80 per cent, is soluble in alcohol of 
85 per cent., while the ordinary tablets of portable 

* Note by the Editor. -^l have seen some specimens of port- 
able soup, which, although consisting chiefly of gelatine, yet had 
a strong flavour of soup, and probably, thergfore, contained a 
certain proportion of extract of flesh. — W. G* 

t See Proust, Annales de Chimie et de Physique. Third Se- 
ries, vol. xviii. p. 177. 
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soup rarely yield to that menstruum more than 4 or 
5 per cent. The presence of kreatine and kreati- 
nine, the latter of which is instantly detected by 
the addition of chloride of zinc to the alcoholic 
solution, as well as the nature of the salts left on 
incineration, which chiefly consist of soluble phos- 
phates, furnish sufficient data for judging of the 
quality of the true extract of flesh. 
Extract of I consider this extract of flesh as not less valuable 
oo^wid- for the provisioning of ships and fortresses, in order 
md for"!"^* to preserve the health of the crew or garrison, in 
J[5^^^ those cases where fresh meat and vegetables are 
wanting, and the people are supported by salt meat. 
Salting of •'■*' ^® universally known that in the salting of 
^^^' meat, the flesh is rubbed and sprinkled with dry salt, 
and that where the salt and meat are in contact, a 
brine is formed, amounting in bulk to l-3rd of the 
fluid contained in the raw flesh. 
The brine I havo ascertained that this brine contains the 
meat oon. chief coustitueuts of a concentrated soup or infusion 
ingredi^ts of meat, and that, therefore, in the process of salting, 
tnet]^ *he composition of the flesh is changed, and this, 
too, in a much greater degree than occurs in boil- 
ing. In boiling, the highly nutritious albumen 
remains in the coagulated state in the mass of flesh, 
but, in salting, the albumen is separated from the 
flesh; for when the brine from salted meat is 
heated to boiling, a large quantity of albumen 
separates as a coagulum. This brine has an acid 
reaction, and gives with ammonia a copious precipi- 
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tate of the double phosphate of ammonia and mag- phos- 
nesia. It contains also lactic acid, a large quantity tic add, 
of potash/ and kreatine, which, although I could not and 
separate that body from the large excess of salt, may 
be safely concluded to be present, from the presence 
of kreatinine. The brine, when neutralised by lime, 
gives, after the salt has been crystallised out, a 
mother liquid, from which, after some time, when 
alcohol and chloride of zinc are added to it, the 
double chloride of zinc and kreatinine, so often men- kreatinine. 
tioned in the former part of this work, is deposited. 

It is now easy to understand that in the salting of Saitedmeat 

is deficient 

meat, when this is pushed so far as to produce the in natntiye 
brine above mentioned, a number of substances are 
withdrawn from the flesh, which are essential to its 
constitution, and that it therefore loses in nutritive 
quality in proportion to this abstraction. If these 
substances be not supplied from other quarters, it is 
obvious that a part of the flesh is converted into an 
element of respiration certainly not conducive to 
good health. It is certain, moreover, that the health 
of a man cannot be permanently sustained by means 
of salted meat, if the quantity be not greatly in- Causes of 

this. 

creased, inasmuch as it cannot perfectly replace, by 
the substances it contains, those parts of the body 
which have been expelled in consequence of the 
change of matter, nor can it preserve in its normal 
state the fluid distributed in every part of the body, 
namely, the juices of the flesh. A change in the 
quality of the gastric juice, and consequently in that 
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of tiib productB of the digestWe jtroeess^ must be 

regarded as aa ineyitabte result of the longHcon- 

tinued use of tnited ilieat ; and if during digestion 

the substances necessary to the transfcomation of 

that species of food be taken from other parts of 

the organism^ these parts must bse their noimal 

condition. 

Effectipro- ^^ ^7 experiments on the saltidg of meat, I 

^^w^t ^^^^ ^^ ^^ ^ species of ialt ilkrhioh subsequently 

^^^^J^^ proved on examination to contain a considerable 

caidumand proportion of cfalorido of calcium and chloride of 

magne- * * 

«nm- magnesium. I tms induced to examine the salt by 
observing that the brine obtained from meat salted 
with it Contained only traces of phosphoric acid. 
The external aspect of the salted flesh sufSciently 
explained this unexpected &ct ; for it was covered 
as if with a white frx>th, consisting chiefly of phos- 
phate of lime atid phosphate of magnesia. The 
earthy salts of the sea salt had ^it^ed into mutual 
decomposition with the alkaline phosphates of the 
juice, producing phosphates of lime and magnesia, 
of which only very small quantities could be dis- 
solved in the acid brine. 
Meat thus In the use of a salt^ rich in lime and tnagnesia, 
be less^^. there may thus be a cause which renders the meat 
salted with it less injurious to the sybtem. For it 
is plain that when, along with such meat, vegetables 
are eaten which ai*e rich in potash (and this is the 
case with all esculent vegetables), the conditions 
are present which determine the reproduction, during 



wholesome. 
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digestion, of the deficient alkaline phosphated. That 
these latter salts may actually be formed nndei* snch 
cih^umstanoes, is shown by the analysis of milk^ a 
fluid rich in alkaline phosphate^ compared with that 
of the fodder or food of graminivorous animals, 
which last contains no alkaline ph^sphatedi, but phos^ 
phates of lime and magnesia along with salti Of the 
alkalies with other acids. 

When we compare flesh with othet animal fbod, Fieah com. 
iSiuch as eggs and cheese^ the difference is striking, SSiw kkidli 
and the difficult digestibility of the latter, when tl^f^ 
compared with flesh, unquestionably depends on the 
difference in their composition. 

If \re coiisider that the juice of flesh, in all The soluble 
animals yet examined, possesses a constant character; ^ of the 
that, exclusive of those cbnstituentB which are de- mStb^ 
rived from the blood unavoidably milted with it, as S^°Sic^ 
well as of small quantities of odorous and sapid ^^^^ 
substances on which the characteristic secondary or 
by-taste of the juice or sotip of the flesh in each 
kind of animal depends, the juice of ox-flesh is in 
no Way distinguishable from that of the fox, it seems 
justifiable to conclude, that the quantity and the 
nature of th^ soluble constituents in the muscular 
system are essential to the functions of the muscles. 
It appears further to follow, that in judging of the Nutritive 
nutritive qualities of any kind of food, the composi- Limiafood 
tion of the blood cannot be selected as the proper Scerbdned 
datum from which to argue, because there are a ^^^t 
number of factors which must be brought into the bto^*^* 

alone. 
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calculation, and which are either wanting in the 
bloody or present in it only in trifling quantity. 
liMticadd Some experiments have lately been made by 
^^'^i^ Lehmann on the gastric juice of dogs, fed on bones 
^^ by <^d 1^^^ horse-flesh, which fluid he has studied more 
^'**^™°*^' minutely than had previously been done. He ob- 
tained from it a crystallised salt of magnesia, com- 
bined with an organic acid, not containing nitrogen* 
This sialt yielded 16*6 p. c. of magnesia, and 21 p. c. 
of water of crystallisation. Now that we know 
that lactic acid forms a constituent of the chief 
mass of the body, it is evident that Lehmann's mag- 
nesian salt, which agrees with lactate of magnesia 
in the proportion of base and of water of crystal- 
lisation, really was lactate of magnesia. In that 
The digest, caso the gastric juice contains lactic acid, and thus 
k^L sto. the problem of the digestive process in the stomach 
deared'up! would appear, in its chemical aspect, to be com- 
pletely solved. 
The gutric The experiments of all who have studied the gas- 
lar^"^ trie juice agree in this, that that fluid contains, along 
^^.^ with an organic acid, free phosphoric acid or an acid 
phosphate, and in this respect its similarity with the 
juice of the muscles is strikingly obvious. That 
portion of the gastric juice which is soluble in alco- 
hol is, in its reaction, identical with the alcoholic 
extract of soup, as Tiedemann and Gmelin have 
already shown ; and the soup or infusion of meat, 
free from gelatine and fat, the preparation of which 
The soup I have described (oMe^ p. 131), may perhaps admit 
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of being employed as a valuable remedy for many formerly 
dyspeptic patients, with a view to increasing the proposed m 

a remedy in 

.activity of the stomach, and promoting digestion, dyspepsia. 
Again, if the blood or the muscular substance of 
emaciated convalescents cannot supply the matters 
necessary for digestion in sufficient quantity for a 
rapid reproduction of the lost strength (that is, the 
lost parts of the organism) the benefit derived from !<» value to 
well-made soup during convalescence admits of a cents. 
^simple explanation. 

Finally, when we recollect, that lactic and phos- ^^^ ^^ 

•'' ' ^ the hydro- 

phone acids, at temperatures in which hydrochloric, ctionc and 

, other vola- 

itcetic, and butync acids are volatilised, are almost tiie adds 

obtained by 

fixed, we can explain how it happens that in many distming 
cases hydrochloric acid, in others acetic or butyric juioe. 
acid, has been obtained by distilling the gastric juice. 
Acetates, butyrates, and even chloride of sodium, 
are decomposed by lactic acid, as well as by acid 
phosphates, in these circumstances, and the occur- 
rence of the one or the other of the more volatile 
a,cids must vary with the amount of the lactic or 
phosphoric acid present in the gastric juice, and the 
amount also of their salts in the same fluid. 



CONCLUSION. 



I think it right to state, distinctly, that I am far These re- 

• searches 

from considering the nature and quality of the only the 

substances occurring in the juice of flesh as fully mrato? aT 



/ 
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moraoom. aacertained by the investigation contained in the 
tigatioa. preceding pages. On the contrary, I am of opinion^ 
that it ought only tQ be regarded as the commence- 
ment of a more complete work. But the minute 
study and thorough investigation of those substances, 
contained in that fluid, which have not yet been 
Studied, demands so much time, that I did not wish 
to delay the publication of the results hitherto 
obtained till the completion of my researches. 
VarioiM ^^ ^^ tissuo Called muscular^ fibrine and albu- 

to bc^S!* ^®^ ^^^ *^® chief constituents in fully-developed 
^*g^^ animals. This tissue is everywhere interwoven with 
cniartiBrae. delicate membrauos, and a number of minute ves- 
sels are ramified throughout it, which are filled, 
partly with coloured, partly with colourless fluids. 
No other part of the body absorbs so large a part 
of the nervous system. As Berzelius points out, 
we must distinguish fibrine, albumen, and cellular 
tissue, partly organised, partly in the state adapted 
for their conversion into organised structure ; and 
lastly we have, in the fluids, these substances in the 
effete state, or in the condition best adapted for 
their removal. We have also to distinguish the 
coloured and colourless fluids brought to the mus- 
cle in the vessels ; and the membranes of the dis- 
tributed nerves as well as the substance itself of 
those nerves. 
Froymce of When analysis shall have become so perfect as 
anaiytu. to enable us to separate these different substances 
in a rational manner, she will have fulfilled her 
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duty. At present^ analysis begins by mixing them 
altogether, and a chemical result is obtained, which 
gives room for a multitude of questions. These 
questions are, in the present stat^ of our knowledge, 
the conditions of further progress. 

Kreatinine and Kreatine are constituents of Kreatme 

and kreati- 

the muscles, but they are also constituents of urine ; nine occur 
and if any process in the living body depends upon muscle and 
their presence, it is evident that only that portion ^ ^"^^' 
of these two compounds can pass into the urine, 
which has not been employed for vital purposes. 
The examination of the urine in diseases will pro- 
bably very soon shed light on this question. 

That portion of the juice of flesh which is solu-« Oeiatmous 
ble in cold water, but not in alcohol, possesses all the juice of 

flesh 

the properties of gelatine, except that of gelatinis-* 
ing wben concentrated. It is precipitated by tannic 
acid; the precipitate softens like plaster in hot 
water, and cannot be distinguished from the tan- 
nate of gelatine by its aspect. 

A second substance, which I have not yet further Another 

• ,• . J A. 3 » j_t j_« !• wibstance 

mvestigated, separates, during the evaporation of in the juice 
the juice of flesh, in the form of a skin or membrane, 
which no longer dissolves in cold water, but swells 
up and becomes n^ucilaginous. It is not, as might 
be imagined, caseine. 

Of the substances soluble in alcohol, the greater Unknown 
part consists of one or probably of more bodies, poor- htd b^es; 
ticularly rich in nitrogen; these are the substances, Sfle»hr*. 
which, after the phosphoric acid has been removed. 
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give ris^y on incineration of the residue, to so great 
a mass of cyanide of potassium. 
New add When that part of the juice of flesh which is 
^flesh,not solublo in alcohol and in ether is mixed with sul- 
^ ' phuric acid, to separate the alkali, and the filtered 
liquid is left at rest for some days, there are depo- 
sited long transparent colourless needles, which have 
a strong acid reaction and contain no alkali. I first 
noticed this substance at the close of this investiga^ 
tion, and obtained too small a quantity to enable me 
to analyse it. 
Anotherni. Lastly, if the acid liquid thus obtained be satu- 
acidin rated with lime, evaporated to dryness, and the 
residue washed with alcohol, the addition of ether to 
the alcohol causes a deposit ; and the liquid sepa-^ 
rated from this contains kreatinine, combined with 
an organic acid, rich in nitrogen, which I have, in 
like manner, not yet more minutely examined. 
Urea not I have taken the utmost pains to detect urea or 
iS^juke of uric acid in the juice of flesh, and I believe that I 
****** should have succeeded in doing so, even had no 
more than one-millionth part of these substances 
been present. According to my experiments, there- 
fore, urea is not a constituent of the juice of flesh. 
Uric add In ouo case only where I had added chloride of 
to^ye barium to the alcoholic solution of the extract of 
in it on one flosh. Crystalline flocculi separated after exposure 
^^°" for weeks in the air. These were not dissolved 
by hot water or in hydrochloric acid, but dissolved 
in nitric acid, with disengagement of red fiimes, 
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exactly like uric acid ; and the solution gave with 
ammonia the same purple colour which uric acid 
would have given in like circumstances. This 
substance, however, I have not been able again to 
procure. 



ADDENDUM. 



NOTE BY THE EDITOR. 

From the mother-liquor which had deposited 
the kreatine which I prepared and which con- 
tained the soluble matter of nearly 7 lbs. of fowl, 
I obtained, by the process indicated at p. 77, by 
the author, 4 grammes, or about 61 grains of pure 
and well-crystallised inosinate of baryta. It is 
certain that I did not succeed in obtaining the 
whole of the inosinic acid originally present in 
the juice; but the aboye quantity was procured 
without diflSculty; and it would therefore appear 
that in fowl, at least, the quantity of inosinic acid 
is not so small or insignificant as the author seems 
to think. 



TABLE 

SHOWING THB PROPOBTION BBTWBBN THB BNGLI8H AND HB8SIAN 
STANDARD OF WBI6HTS AND MBA8URB8. 

1 lb. English is equal to 0*90719 lbs. Hessian. 

1 Hessian acre is equal to 26,910 English square feet. 

1 English square foot is equal to 1*4864 Hessian square feet. 

1 English cubic foot contains 1*81218 of a Hessian cubic foot. 
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A. 

Absorbbnt Power of Blood for carbonic add gas, 112. De- 
pends on the presence of phosphate of soda, 113. 
Acid reaction of the juice of flesh, 28. 
Acid. 

-^Butyric. Is formed in the.oxidation of blood constituents. 

27. Is formed in the fermentation of sugar, in contact 

with animal matter, 8. Its occurrence in the gastric 

juice explained, 139. 

— Carbonic. Its absorption by blood, 112. By phosphate 

of soda, 117. 
— Inosinic, Its preparation from the juice of flesh. 77. Its 

properties, 78. Its composition, 79. 
— Lactic. Its existence in flesh hitherto doubtful, 29. It 
exists in the juice of flesh, 88. Its extraction, 89. It 
exists in the gastric juice, 138. Is consumed in respira- 
tion, 103. 
— Phosphoric. Occurs in large quantity in the juice of 
flesh, 43. Its modifications, 95. They are found in the 
ashes of flesh, 97. 
— Sulphuric. Not found in the juice of flesh, 43, 95. 
— Tannic. Used in the extraction of lactic add from 

fish, 90. 
— Uric. Its oxidation, 14. Is not found in the juice of 
flesh, 142. 
Acids, free, in the juice of flesh, 99. Accumulation of, in some 

morbid states, 108. 
Action. Of chloride of sodium on phosphate of potash, 110. 
Of acids on kreatine, 52. Of bases on kreatine, 68. 
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Albumen. Its constitution, according to Mulder, 16. Occurs 
abundantly in the juice of flesh, 40, 125. Is dissolved by 
cold water, 125, 130. Is found in the brine of salt meat, 134. 
Of eggs, contains more sulphur than that of serum, products 
of its oxidation, 27. Temperature at which it coagulates, 126. 

Alkali. Organic in flesh, 85. 

Alkalies. Predominate in the ashes of flesh, 94. 

Alkaline. Reaction of blood, 41, 104. Is due to the pre- 
sence of phosphate of soda, 116. Reaction of the ashes of 
the juice of flesh, 97. Phosphates essential to animal life, 
110, 112. 

ALI.I&AT0B. Its flesh contains Inr^atia^i 3$, 46. 

Analysis. Ultimate improperly used* 10^ Trof ppovmee of, 
140. Of kreatine from fl^oshj, 48. Of kr^tiuio^ from ditto. 

' 59. Of kreatine and kreatinine from urine, 63. Of inoainio 
acid, 79* Of lactates from fleshi 91. Of sarcoeine, 70. Of 
the 9alts of kreatinine, 66, 90q. Of the salts of sarooune, 71, 
seq. Apiount of kreatine obtained froio flesh* 46. 

Anatomy. More advanced than Animid Cbeotaslary or Physio- 
logy, 5. 

Ashes. Of the juice of flesh are alkaline, 97. And oontain the 
different n^odifio^tions qf phosphates, i^. Of inland plants, 
contain no soda, 109, Qf nmritime plants, contajn soda, ib. 
Of sea plants, contain more potash than soda, t^. 

B. 

Baryta. Vsed to separate the acids from the juice pf flesh, 
43. Its action on kreatine. 52. 

Bases. Alkaline in flesh, 94. 

Beef. Amount of kreatine in, 46. 

Bbazelius. His opinion on the nature of the acid in flesh, 28. 
His opinion on the nature of kreatine, 34. 

Blood^ Its absorbent power for carbonic acid depends on phos- 
phate of soda, 112. Phosphate of soda indispensable to, ib, 

Beaconnot. One of the few who h(kve devoted themselves tQ 
Animal Chemistry, 1. Finds lactic acid in the juice of beet- 
root and rice- wat^, 31. 

Brain. Contains no kreatine, 47. Two new aQids in, ib. 
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9oxLiNO OF Flesh, its effects, 122. Best mode of, for eating, 

126. Best mode of, to yield good soup, 128. Water dissolves 

little gelatine from meat, 129. 
BopF. His experiments on caseine, albumen, &c., 27. 
BouxLLi. Not nutritious without the bouillon, 122. 
B&ZNB» the, of salt meat contains all f^e soluble matters of the, 

flesh, 134. 
Buff, Prof. His voltaic circle with flesh, blood, and brain, 104 

(note), 

C. 

Caffbinb . Its relation to kreatinine ,59. 

CikLF. Flesh of. See Vbal. 

Cabambl. Used to colour soup, 132. 

Cabboxic Acip. See Acid, Carbonic. 

Casbinb, Its oxidation, 27. 

CsBMiBTBT. Animal, must go hand in hand with Anatomy and 
Physiology, 4. 

Chbybbui.. Importance of his researches, 1. On kreatine, 32. 

Chlobidb OF Sodium. Its action on phosphate of potash, 110. 
Of sodium must be added to the food of animals, 109. Of 
potassium in the juice of flesh, 97. Double, of platinum and 
kreatinine, 66, Double, of platinum and sarcosine, 72. 

CoxouB OF Soup affects our judgment of its taste, 132. 

CoNVALBscBNTs. Extract of flesh, or strong soup recommended 
for, 139. 

Gtanidbs. Formed in the ashes of the juice of flesh, if the 
phosphoric acid be first removed, 105. 

D. 

Dbbb. Red, flesh of, contains kreatine, 46. Roe, flesh of, con- 
tains kreatine, ib, 

E. 

Editob's note on the amount of kreatine in flesh, and its pre- 
paration from fowl, 46. On the preparation of inosinate of 
baryta from fowl, and its amount, 143. On stock, and erro- 
neous modes of dressing meat, 123. 



150 INDEX. 

Elbctbic currents produced by BufF from flesh, brain, and 

blood, 104 {note). 
Elbctbical currents may exist in the organism, 104. 
Engblhabd and Maddbbll. On lactic acid and lactates, 92, 

93 {notes). 
Equations. Fallacious, illustrated, 14 ; of Mulder for proteine 

compounds shown to be erroneous, 16. 
Ebdmann. On incineration of wheat, &c., 116 {note), 
Ebtthbopbotidb, 16. 
Extbact of Flbsh, or true portable soup, 132. Recommended 

for wounded men, for ships and fortresses, 133. 

F. 

Fbllbnbbbo. On albumen, &c., 21. 
Fbbmbnts. Animal, their yaried action on sugar, &c., 7. 
FiBBiKB. Of flesh, hardened by boiling with water, 38, 125. 
FiSHBS. Flesh of, contains kreatine, 44, 46. Contains lactic 

add, 90. 
Flayovb. Of soup depends on the matters soluble in cold 

water, not on gelatine, 128, 131. 
Flbsh. Juice of substances found in, 28. See Jvicb. 
FoBTBBSSBs. Frovision for, should include some extract of 

flesh. 133. 
Fowls. Flesh of, contains the largest proportion of kreatine, 

46. Sooner dressed than beef or mutton, 127. 
Fox. Flesh of, contains kreatine, 46. Flesh of wild, yielded (bx 

more kreatine than that of a tame one, fed on flesh, 45. 

G. 

Gastbic Juicb. Contains lactic acid, 138. Resembles the 
juice of flesh, ih. 

Gat-Lussac and Thexabd. Their researches on fibrine, albu- 
men, &c., 21. 

Gelatine. Not the cause of the strength or flavour of soup, 
128, 131. 

Gelatinous Matteb. In the juice of flesh, not yet studied, 
141. 

Gltcocoll. Its relation to kreatine, 51. 
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Gmklin, L« His researches in Animal Chemistry, 1. 
and TiXDXMANK on gastric juice, 138. 

H. 

Habs. flesh of, ocMitains kreatine, 46. 
Heabt. Of the ox contains kreatine, 47. 
HxNNXBBBO. On the ashes of the blood of fowls, 106. 
HxBBivoBA. When fed on inland plants require salt, 110. 
HTDBOCTAinc Acid, Its relation to hydrochloric acid, 20. 

I. 

ImLAND Plants. Contain no soda, 109. 

Inoboakic constituents of the juice of flesh, 93. Of blood, 
104, Of the juice of flesh and those of blood compared, 105. 
Inosinatbs, 80. 
Inosinic Acid, 77. 
Insolublx ingredients of the ashes of the juice of flesh, 94. 

J. 

JviCK OF Flksh. Always acid, 28. Equilibrium of the free 
acids in, 98, seq, Kreatine from, 39. Contains kreatinine, 85. 
Contains lactic add, 88. Contains inosinic acid, 77. Con- 
tains phosphoric add, 43. Contains albumen, 38, 40. Con- 
tains phosphate of potash and chloride of potassium, 95, 104. 
Contains some substances not examined, 141. 

JuicK, Ghustric. See Gastbic Jmcx. 



K. 

KiDNXTs. Contain no kreatine, 47. Function of, 101. 
Kbeatinx. Discovered by Chevreul, 32. Seen by Wohler, and 

by Schlossberger, 35. Exists in all the higher animals in the 

flesh, 46. Occurs in urine, 60. Mode of extracting, 38, seq. 

Amount of in flesh, 45. Action of adds on, 52. Action of bases 

on, 68. 
Kbxatininx. a powerful base, 52. Salts of, 66. Exists in 

urine, 60. Is found even in putrid urine, 64. 
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Kbsatinx Avii KaxATiiriKC. llieir fonetioii not juaccrtamtd, 
141. 

L. 

Lactam IDS. Isomeric with sarcosine, 76. 

Lactates. From flesh, analysis of, 91. 

Lactic Acm. See Acio, Lactic, 

Laskowski. Onproteine, 19, 27. 

Lbhmann. On gastric juice, 138. 

Lbucink. a product of decomposition of albumen, &c., 27. 

Limb. Lactate of, 92. 

Lymph. Is alkaline, 104. 

M. 

Mapobbll and Engblhabd. On lactic acid, 92, 93 (notes). 

Magnesia. Found in the juice of flesh, as phosphate, 43, 94. 
Alkalies and lime, proportions of in juice of flesh, 121. 

Mabchand. On the blood, 115. 

Mabitimb Countbibs. Plants of, contain soda, 109. 

Mabtbn. Flesh of, contains kreatine, 45, 46. 

Mbthod. Of kiTesfdgatioa in Animal Chemiaby^ 1. Of o^ 
taining accurate fonnulas, 12, 13. Of e a trac ti ng kfeatiae from 
the juice of fleshy 39. Of cxCsacting kreadne and kwatinine 
from urine, 61. Of pteparmg kreatiaiDe from krestiney 53. 
Of preparing savcosiBe from kreadaic, 68. Of extraetmg 
inosinic acid frnm the juice of itsh» 77. Of extraediig lactic 
acid from ditto, 88. Of boiling meat that is to be eaten, 126« 
Of boiling meat for the soup, 128. Of making soup, 131. 
Of preparing the extract of meat, 132. 

MiCHABLis. On albumen, &c., 21. 

Milk. Contains much potash widi very little soda, 108. 

MiTscHBBLicH, C. On lactic acid, 31. 

MvLDBB. Hiff thory of proteihe, 15, 23. His tabular ^ew of 
liie action of potash on albumen, 16. IB» table of proteine 
compounds, 25. 

Muldbb's process does not yield proteine free from sulphur, 27. 

MuscLB. See Flbsh. Fibbinb. 

Muscle. Fluid of. See Juicb ov Flbsh. 
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MuscuLAB Ststbm. Contains a great variety of ingredients as 

well as of tissues, 140. 
Mutton. Contains kreatine, 46. 

Necbssitt, supposed, for the identity in composition of fibrine, 
albumen, and caseine, shown to be an error, 19, 21. 

O. 

Oxidation of Casbinb, Albumen, &c., 27. 

Lactic acid in the process of respiration, 103. 

p. 

Pabmbntibb. On extract of meat, 133. 

Pbttbnkofbb. His compoimd from urine, consists of kreatinine 

and kreatine, 60, 65. His compound prepared by a simple 

process, 61. 
Phosphatb. Of soda, essential to blood, 112. Of soda how 

formed in the system. 111. Of potash in juice of flesh, 108. 

Of magnesia in juice of flesh, 43, 94. Of lime in juice of flesh 

in very small quantity, 43, 121. 
Phosphatb of Soda in blood cannot be replaced by phosphate of 

potash, 112. Is the cause of the alkaline reaction of blood, 

116. Its power of absorbing and giving ofi^ carbonic acid gas, 

117. 
Phosphatbs. Characters of the modifications of, 96. Removed 

from flesh in salting, 134. 
Phosfhobic Acid. See Acid, Phosphoric. 
Phosphobus. Its existence in albumen, fibrine, &c. not proved, 

23, 25. 
Phtsioloot. Too much separated from Chemistry, 4. 
Pig. Flesh of, contains kreatine, 46. 

PiKB. Flesh of, contains kreatine, 46. Contains lactic acid, 90. 
Platinum. Double salts of, with kreatinine, 66, Sarcosine, 72. 
PoBTABLB Soup. Tnie, 132. Commercial, ib. Characters of 

genuine, 133. 

M 



r 
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Potash. Predominates in juice of flesh, 104, 106. And in 

milk, 108. 
PouLTBT. Contains much kreatine, 46. Is sooner dressed than 

beef or mutton, 127. 
Pbotbinb. Mulder's theory of, is fallacious, 15, 23. As a 

compound free from sulphur does not exist, 27. 
Pbotidb, 16. 
Pboust. On the extract of meat, 133. 

R. 

Rbd Dbbb. Flesh of, contains kreatine, 46. 

» 

Roasting of Flbsh, 125, 127. With a covering of lard, 127. 

Rob Dbbb. Flesh of, contains kreatine, 46. 

Ruling. On the amount of sulphur in blood constituents, 27. 

S. 

Salicinb. Its true formula how discovered, IS. 
Sabcosinb. Obtained from kreatine is a base, 68 » Salts of, 71. 
Saubbkbaut. Heightens the flavour of meat, 124. 
Saussaubb, Db. His researches in Vegetable Chemistry, 1. 
ScHBBBBB. On the absorption of carbonic acid by the blood, 

112. 
ScHLossBBBGBB. Ou kreatine in the flesh of the alligator, 35. 
6ba Plants. Contain more potash than soda, 109. 
Shbbf. Flesh of, contains kreatine, 46. 
Ships. Their provision should include extract of meat, 133. 
Soda. Phosphate of , essential to blood, 112. Carbonate of^ is 

not the cause of the alkaline reaction of blood, 116. 
Sodium. Chloride of, use in the organism. 111. 
SoLUBLB Mattbbs. Offlcsh, 130. Of flesh are lost in salting, 

134. Salts form the chief part of the ash of the juice of 

meat, 94. 
Sovp. How to boil meat for, 128. Best mode of preparing, 

131. Portable, or extract of flesh, how prepared, 132. Uses 

of, 133. 
Stbwing. Preferable to boiling, 124 (note). 
Stock. The, of cooks, its nature, 123 (note). 
Stbbngth. The, of soup depends, not on gelatine, but on the 
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matters soluble in cold water, 128. Restored, in wounded 
men, by extract of meat, 133. 

Sugar. Action of animal substances on, varies with the state of 
the animal matter, 7. 

SvLPHATB OF Krbatininb, 67 ; sarcosine, 72. 

Sulphur. More abundant in blood constituents than was for- 
merly supposed, 27. Accotding to Mulder, combines with 
proteine, 23. Is more abundant in albumen of eggs than in 
that of serum, 27. Exists in two states of combination in 
albumen, fibrine, 8cc., 26. 

Sulphuric Acid. Not found in the juice of flesh, 43. 



T. 

Tannic Acid. See Acid, Tannic. 

Tbsts. For genuine extract of meat, 133. For kreatine in the 
juice of flesh, or in urine, 61, ^5. Fbr lactic acid, 69. For 
the diflerent forms of phosphoric acid, 96. 

Theinb. See Caffbine. 

Thbnard. On Albumen, &c., 21. 

Thborib s . Never absolutely true, 1 8 . 

Theory of Proteine. Unfounded and fallacious, 19. 

TiEDEMANN and Gmelin. On the Gastric Juice, 138. 

Ttrosinb. a new substance discovered by the Author as a pro- 
duct of decomposition of albumen, fibrine, &c., 27. 



U. 

Ultimate Analysis. Its efiects on the progress of the science, 
10. True value of, 11. Requires control, 12. Cannot alone 
determine the true formula of a compound, 13. 

Underdone Meat, 127. 

Unknown Substances. In the juice of flesh, 141, 142. 

Urea. Formed from kreatine by the action of bases, along with 
sarcosine, 75. Not present in the juice of flesh, 142. 

Urbthanb. Isomeric with sarcosine, 76. 

Uric Acid. See Acid, Uric. 

Urine. Contains kreatinine and kreatine, 60. Contains no 
lactic acid, 101. 
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V. 

Vbal. GontaioB kreatine, 46. 
Vbrdbil. Onproteine, 27. 
VoGBL. On albumen, &c., 21. 

W. 

Walthbr. On proteine, 27. 

Watbb. Action of hot, on flesh, 126. Cold, on flesh, 130, 132. 

Cold, extracts all the soluble matter of meat, 132. 
Woblbb. On kreatine, 35. 
WouKDBD SoLoiBBS. Their strength kept up by extract of meat, 

133. 



1 



Z. 

Zinc. Chloride of, combines with kreatinine, 36. 
from flesh, 92. 



Lactate of. 



Printed by J* ^ H. COX, 74 & 7S, GiMt Queen Street, 
LincolnPC-Iim Fields. 



28, Upper G-ower Street, 








October 1, 1847. 




PRINTED FOR TAYLOR & WALTON. 




^(tD Wititbsi anU ^eto O^tttonss. 



Iiiebig— Gregory. — ^Turner's Chemistry. 

Eighth Edition. Edited by Justus Liebig, M.D., Professor of Chemistry 
in the University of Giessen, and William Gregory, M.D., Professor of 
Chemistry in the University of Edinburgh. Complete in 1 volume, 8vo. 
1^. 10*. (Just puhliahed.) 

The Work may also he had in Two Parts. 
Part I.— INORGANIC CHEMISTRY. 15a. clotfi. 
II.— ORGANIC CHEMISTRY. 155. cloth. 



GuesBes at Truth. 

By Two Brothers. First Series. Third Edition. Fcap. 8vo. 



(In October,) 



Mohr— Redwood. — -Practical Pharmacy. 

Comprising the Arrangements, Apparatus, and Manipulations of the 
Pharmaceutical Shop and Laboratory. By Francis Mohr, Ph.D., Assessor 
Pharmacise of the Royal Prussian College of Medicine, Coblentz. Edited, 
with numerous Additions and Alterations, adapting it for the use of English 
Chemists, by Theophilus Redwood, Professor of Pharmacy to the Ph^ma- 
ceutical Society of Great Britain. One volume, Svo, illustrated by several 
hundred Engravings on Wood. (In November,) 



De Morgan. ^Formal IiOgic ; 

Or, the Calculus of Inference, Necessary and Probable. By Augustus De 
Morgan, Professor of Mathematics in University College, London. 1 vol. 8vo. 

(In November.) 





2 WORKS PRINTED FOR TAYLOR AND WALTON, 

Sclmiits. ^Niebnhr'B Iiectures on the Early 

History of Rome. 

Translated from the German, with numerous Additions from MSS. in the 
exclusive possession of the Translator. By Dii. L. Schmitz, Rector of the 
High School of Edinburgh. 1 volume, 8vo. (In November.) 

This volume embraces the period from the earliest timet to the First Funic War, and -with 
the two volumes of Lectures already published completes Niebuhr's History of Borne in the 
Lecture form. 



Thirlwall— Hare. Niebuhr's History of Rome. 

Translated by .Bishop Thirlwall and Archdeacon Hare. A New 

Edition of Volume I. 8vo, with Map, IBs. (In October.) 



Sharpey— Quain* ^Dr. Qualn's Anatomy. 

Fifth Edition. Edited by Dr. Sharpet and Mr. Quain, Professors of 
Anatomy and Physiology in University College, London. Complete in 2 vols. 
8vo. Illustrated by several hundred Engravings on Wood. 

%« The Work may also be had for a short time in Three Parts. 

Part I., I3s. \ Part II., Ut. | Part III., t. 

$y The Publishers are authorised to state that Part m., completing the Work, wiU be 
published on the Ist of November. 



Dictionary of Greek and Roman Antiquities. 

By various Writers. Edited by Dr. William Smith. Second Edition. 
Revised throughout, with very numerous Additions and Alterations. One thick 
volume 8vo, with several hundred Engravings on Wood. 

(Early in 1848.) 



Unwood. ^Iieadcon to iEschylus. 

Containing a Critical Explanation of the more difficult Passages in the 
Seven Tragedies. By the Rev. W. Linwood, A.M., M.R.A.S. Second 
Edition, revised throughout. 8vo. (In October.) 

" We have much pleasure in recommending the work to the notice of students, who 
will derive very great assistance from it in the study of iEschylus." 

CUtsncdl Miueum, No. I. 



Dictionary of Greek and Roman Biography and 

Mythology. 

By various Writers. Edited hy Dr. William Smith. Part XXII. (Part 
IV. of Vol. III.), price 48. (Jvat published.) 

*•* Volume ni. (in course of publication) will complete the Work. 
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laatham on the EngUsh language. 

Second Edition. Revised, with Additions. 8vo. (in November.) 

Scliinits. ^A History of Rome^ 

From the Earliest Times to the Death of Commodus, a.d. 192. By Dr. L. 
ScHMiTZ, Rector of the High School of Edinburgh, Editor of Niebuhr's 
Lectures. One thick volume, 12mo, Ts. 6d. cloth, or Ss, 6d. strongly bound 
in leather. 

•** This work presents, in a popular form, the results of the investigations of the most 
distinguished scholars, especially those of Niebuhr, Arnold, Goettling, Bubino, and Becker. 
The whole is based upon a careml examination of the original sources. 



Robson. — Questions on Dr. Scbmits's History 

of Rome. 

By John Robson, B.A. 12mo, 2s, 

Uebig— Gregory. Researches on the Chemistry 

of Food. 

By Justus Liebig, M.D., Professor of Chemistry in the University of 
Giessen. Edited from the Author's Manuscript, by William Gbeoort,M.D., 
Professor of Chemistry in the University of Edinburgh. 8vo, 5s. 6d. cloth. 

" The medical man will find in these researches a prospeet of many and great im- 
provements in practice, whether as r^ards dietetics or the action of acids, alkaUes, 
and salts on the digestive and respiratory processes ; and with respect to both it is to 
Chemistry he must look for assistance in Ms efforts to advance. Lastly, the present 
work contains some most valuable practical applications of the chemical discoveries 
therein detailed, to an art which immediately concerns the whole of mankind, namely, 
the culinary axt."— Editor's Freface. 



MacUse. — Comparative Osteology^ 

Being Morphological Studies to demonstrate the Archetype Skeleton of 
Vertebrated Animals. By Joseph Maclise, Member of tlie Royal College of 
Surgeons. Illustrated by 54 Plates. Small folio, 21, \2s» 6d. cloth. 



Uebig— Pla:rfair and Gregory.- — Chemistry in its 
Applications to Agriculture and Physiology. 

By Justus Liebig, M.D., Ph.D., F.R.S., Professor of Chemistry in the 
University of Giessen. Edited from the Manuscript of the Author, by Lyon 
Pla.yfa.ir, Ph.D., and William Gregory, M.D. Fourth Edition, revised. 
8vo, 10*. 6rf. cloth. 

" It is not too mucli to say, that the publication of Professor liebig's Organic Che- 
mistry of Agriculture constitutes an era of great importance in the hwtory of Agricul- 
tural Science. Its acceptance as a standard is unavoidable / for following eloselif in the 
straight path of inductive Philosophy ^ the conclusions which are draum from tts data 
are incontrovertible. We can truly say, that we have never risen from the perusal of 
a book with a more thorough conviction of the profound knowledge, extensive reading, 
and practical research of ito auUior, and of the invincible power and importance of its 
reasonings and conclusions, than we have gained from the present volmne.'* — SiUinum*s 
Journal. 





\ 





WORKS PRINTED FOR TAYLOR AND WALTON, 



Uebig— Gregory. — ^Animal Chemistry ,- 

Or, Chemistry in its Applications to Physiology and Pathology. By Justus 

LiEBio, M.D., Ph.D., Professor of Chemistry in the University of Giessen. 

Edited, from the Author's Manuscript, by William Gregory, M.D., Professor 

of Chemistry in the UniTersity of Edinburgh. Third Edition, almost wholly 

re-written. 8vo. Part /. (the first half of the worh) 6s. 6d, cloth, jttst 

published, 

" Under the heads of animal heat; of the nutrition of the camlyora andherblyora ; 
of the origin and use of the bile ; of the relation between the change of matter and 
the consumption of oxygen ; of the origin and use of the non-nitrogenised elements 
of food, and particularly of fat, and their relative value as sources of heat ; of the 
effects of alcohol and fermented liquors ; of the efliscts produced on the volume of the 
inspired air by the different articles of food ; and lastly, of the true functions of the 
intestinal canal, and the origin, nature, and composition of the fasces, with their relation 
to the food, and to the supply of oxygen ;— under all these heads, the reader will find 
such an amount of new and mteresting matter as must satisfy him that we have entered 
on the tiue path of discovery, and that the industry of modem chemists has been most 
profitably employed during ttie period which has elapsed since the first edition of this 
work appeared.' —^om the Editor's Jdvertitement. 

Part II,, completing the Work, wiU he ready before Christmas. It has been 
delayed for the resvlts of important investigations, some of which are 
stiU in progress. 

De Morgan* ^Arithmetical Books^ 

From the Invention of Printing to the Present Time ; heing Brief Notices 
of a large Number of Works drawn up from Actual Inspection. By Augustus 
De Morgan, Professor of Mathematics in University College, London. Royal 
12mo, 6s. doth. 

** A great number of persons are employed in teaching Arithmetic in the United 
Kingdom. In publishing this work, I have the hope of phtcing before many of them 
more materials for the prevention of inaccurate Imowledge of the literature ci their 
science than thev have hitherto been able to oommand, without both expense and 
rescardi." — Preface. 

laatham. First Outlines of IiOgic applied to 

Grammar and Etymology. 

By R. G. Latham, A.M., Fellow of King's College, Cambridge. 12mo, 
Is. 6d, 

Iiatbam. ^An EngUsli Grammar for the Use of 

Schools. 

By R. G. Latham, A.M., Fellow of King's College, Cambridge. Second 
Edition. 12moy 4s, 6d. cloth. 

The Classical Museum ; 

A Journal of Philology and of Ancient History and Literature. 8vo. 
Vol. II. 12*. 6d, cloth. Vols. III. and IV., each lis, 6d. doth. 

The work is continued Quarterly. Price of each Part, 3«. 6d, Part XVII. 
(the Third Part of Vol. V.) is just published. 

Histories of Greece and England, 

Upon the same Plan as Dr. Schmitz's History of Rome. 
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eim»itaX ^ntiqtiitit», SStogro^i^s^ l^istovs, ^t 

DICTIONARY OP GREEK AND ROMAN ANTIQUITIES. 

Edited by Dr. William Smith. New Edition. One thick vol. 8vo. (See page 2.) 

DICTIONARY OF GREEK AND ROMAN BIOGRAPHY 

AND MYTHOLOGY. Edited by William Smith, LL.D., Editor of the 
<< Dictionary of Greek and Roman Antiquities." Medium Bvo. Illustrated by 
numerous Engravings on Wood, To be continued in Quarterly Parts, and to 
form Three Volumes. 

Vol. I. (1100 pages), II, 16«. cloth lettered. 
II. (1200 pages), IL IBs. ditto. 

*»* Parts 19 to 22 (commencing Vol. III.) are also published, each 48, 

« There is no need of pronouncing any formal euloginm on this new daseical Dic- 
tionary, for in fact it is the only one with any pretension? to the name in our language ; 
and as such it must form part of the library of every student who desires to become 
acquainted with the mind of antiquity.'* — Mkenmum, 

NIEBUHR^S HISTORY OP ROME, FROM THE EARLIEST 

TIMES TO THE DEATH OF CONSTANTINE. 6 vols. 8vo, 3i. Us. Bd. 
cloth. 

Vols. I. and II., Translated by Bishop Thiblwall and Archdeacon 
Hare. Ids, each. 

Vol. III. Translated by Dr. Smith and Dr. Schmitz. ISs, 6d, 

Vols. IV. and V. Lectures. Edited by Dr. Schmitz. 2 vols. \l. is, 

NIEBUHR'S LECTURES ON THE HISTORY OP ROME, 

FROM THE EARLIEST TIMES TO THE DEATH OF CONSTAN- 
TINE. Edited by Dr. L. Schmitz, Rector of the High School of Edinburgh. 
3 vols. 8vo. 

Vol. I. Earliest History to the First Punic War. (See page 2.) 

II. First Punic War to the Death of Constantine. 2 vols. 8vo, U. is 

SCHMITZ^S HISTORY OF ROME, PROM THE EARLIEST 

TIMES TO THE DEATH OF COMMODUS. 1 vol. 12mo. Is. 6d. cloth, 
or Qs, 6d, strongly bound in leather. (See page 3.) 

ROBSON'S QUESTIONS ON DR. SCHMITZ'S HISTORY 

OF ROME. 12mo, 2s. (See page 3.) 

AKERMAN'S (J. Y.) NUMISMATIC MANUAL} or. Guide 

TO THE Collection and Stitdy of Greek, Roman, and English Coins. 
8vo, with numerous Engravings, II, Is, 

A SCHOOL DICTIONARY OP ANTIQUITIES ; selected and 

abridged from the <' Dictionary of Greek and Roman Antiquities." By 
William Smith, LL.D. One small volume. Two Hundred Woodcuts. 
lOs. 6d. cloth. 

KEATS^ (JOHN) POETICAL WORKS. In one vol. fcap., with 

a Portrait from a Drawing by Hilton. Price Bs, cloth. 

" As it is, there is not a poet living who eould surpass the material of * Endvmion,' a 
poem, with all its faults, far more full of beauties." — Willies Pencillinga by the Way, 

EXERCISES IN LOGIC ; designed for the Use of Students in 

Colleges. By J. T. Gbay, Ph.D. 12mo. Price Zs, 6d, dotiu 
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^tural ^i^mo&Ofibv* 



POTTER'S ELEMENTARY TREATISE ON MECHANICS, 

for the ofle of the Janior Umyendty Stadents. By Richabo Potter, A.M., 
Ute Fellow of Qoeen's College^ Cambridge^ Profeasor of Natural Philosophy 
in UniyerBity College, London. 8to, wi£ nmneroiis Diagrams. 8«. 6d, doth. 

POTTER'S ELEMENTARY TREATISE ON OPTICS. 8yo, 

with nnmeroiis Diagrams. Ss. 6d. doth. 

This Tolnme oontaiiis all the reqnirite proporitians carried to first approxunations ; and the 
constraetion of Beflecting and Befracting Tekaoopes and MicroKopes, the Solar, 
Qxyhydrogen and Luoemal Bficroeoopea ; the Magic and Phantasmagoria Lantern; 
the DaguiOTeotype ; Camera Obecnra ; Badley's Sextant and Beflecting Circles ; the 
Optical Square; the Screw Micrometer; the Goniometer, &c. 

YOUNG^S LECTURES ON NATURAL PHILOSOPHY AND 

THE MECHANICAL ARTS. A New Edition, with References and Notes, 
by the Rev. P. Kelulnd, M.A., F.R S. London and Edinburgh, late Fellow of 
Queen's College, Cambridge, Professor of Mathematics, &.c. in the University 
of Edinburgh. 2 vols. 8vo, with 43 Copper Plates. II, is. doth. 

" All who seek information should know that Yoong is not merely a popular writer, 
trat by fiur the most popular of those whose accuracy can be relied on in a Tast range of 
subjects, and who have actually written through that range/* — Atherueum, 

LARDNER'S STEAM ENGINE, Explained and lUustrated: 

with an Account of its Inrention and Progressive Improvement, and its 
Application to Navigation and Railways ; induding also a Memoir of 
Watt. Seventh Edition. Illustrated by numerous Engravings on Wood, 
and a Portrait of Watt 8vo. 7«. 6d. cloth. 

TWELVE PLANISPHERES, forming a Guide to the Stars for 

every Night in the Year, with an Introduction. 8vo. Ss. 6d. cloth. 




DE MOEGAN'S ELEMENTS of ARITHMETIC. By Augustus 

Db Moboah, Professor of Mathenuitics in Unirersity College, London. Fifth 
Edition, with Eleren new Appendixes. Boyal 12mo. St, doth. 

DE MORGAN'S ARITHMETICAL BOOKS AND AUTHORS. 

Royal I2mo. 6«. (See page 4). 

DE MORGAN'S ELEMENTS OF ALGEBRA, preHminary to 

the Differential Calculus. Second Edition. Royal 12mo. 98. doth. 

DE MORGAN^S ELEMENTS OF TRIGONOMETRY AND 

TRIGONOMETRICAL ANALYSIS, preliminary to the DiflTerential Calculus. 
Royal 12mo. 9a. cloth. 

TABLES OF LOGARITHMS, COMMON AND TRIGONO- 
METRICAL, TO FIVE PLACES. Under the 8v^>enntendence of the SocUsty 
for the Diffusion of Useful Knowledge. Foolscap 8vo. 3a. sewed. 

REINER'S LESSONS ON FORM; or. An Introduction to 

Geometbt, as given in a Pestalozzian School, Cheam, Surrey. 12mo, with 
numerous Diagrams. 3a. 6(2. doth. 

** It has been found in the actoal use of these lessons, for a considerable period, that a 
larger average number of pupils are brought to study the Mathematics with decided 
success, and that all pursue them in a superior manner."— jBec. Dr. Mayo. 




i 



EEINER'S LESSONS ON NUMBER, as given at a Pestaloz- 

zian School, at Cheam, Surrey. Second Edition. Consisting of 
THE MASTER'S MANUAL. 12mo. 4*. 6d. cloth. 
THE SCHOLAR'S PRAXIS. 12mo. 28. bound. 

LARDNER'S FIRST SIX BOOKS OF EUCLID, with a Com- 

mentary and Geometrical Exercises ; a Treatise on Solid Greometry, and Short 
Essays on the Ancient Greometrical Analysis and the Theory of Transversals. 
Ninth Edition. 8vo. 75. boards. 

RITCHIE'S PRINCIPLES OP GEOMETRY, familiarly Illus- 

trated, and applied to a variety of useful purposes. Designed for the Instruc- 
tion of Young Persons. Second Edition, revised and enlarged. 12mo, with 
150 Woodcuts. 3«. 6d. doth. 

RITCHIE^S PRINCIPLES OF THE DIFFERENTIAL AND 

INTEGRAL CALCULUS, familiarly Illustrated and applied to a variety of 
useful purposes. Second Edition. Revised by J. A. Spencer, B. A., Assistant 
Mathematical Master in Univernty College School. 12mo, with Diagrams. 
4a. 6d. cloth. 

BARLOW^S TABLES OF SQUARES, CUBES, SQUARE 

ROOTS, CUBE ROOTS, and RECIPROCALS, up to 10,000. Stereotype 

Edition, examined and corrected. Under the Superintendence of the Society 

for the Diffusion of Useful Knowledge. Royal 12mo. 8«. 

" They will be found useful to the more scientific class of Engineers and Surveyors, 
for immediately obtaining results which are now usually got by logarithmic calculation, 
or the sliding rule ; to actuaries (in the table of reciprocals) ; to schoolmasters, for ob- 
taining examples of the ordinary rules of Arithmetic ; to all, in fact, who are calculators 
by choice or necessity, though of oourse to some more than to others.'* — Preface, 



JBiariesf anil Sountalsf* ^ 

THE LITERARY DIARY, or Complete Common-Place Book. 

Post 4to, ruled throughout and half-bound. 12«. 

A POCKET COMMON-PLACE BOOK. With Locke's Index. 

Post 8vo, half-bound. 8«. 6(2. 

THE STUDENT'S JOURNAL. Arranged, Printed, and Ruled 

for receiving an Account of every Day's Employment for the space of One 
Year. Post 8vo, half-bound. As. 6d. 

THE PRIVATE DIARY, formed on the Plan of '' The Student's 

Journal," for general Use Post 8vo, half-bound. 4s. 6d, 



OUTLINE MAPS : — Mebcatob — Europe — British Isles. 

Three Maps, folio, stitched in cover. Is. ; single Maps, id. each. 

GEOGRAPHICAL PROJECTIONS :—Mercatoe— Europe— 

British Isles. Three Maps, folio, stitched in cover. Is. ; single Maps, 4d. 
each. 

TEACHING MAPS -.—England, Wales, and Part of Scotland. 

I. Rivers, Mountains, &c. Price 6d, II. Towns. Price 6d. 
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Linwood's Lexicon to JEschylus. 

New Edition, revised. 8vo. (See page 2). 

Allen^s New Greek Delectus; 

being Sentence* for Translation from Qreek 
into English, and English into Greek; 
arranged in a systematic progression. By 
Dr. Raphabl KQhnxr. Translated and 
Edited from the German. Second Edition , 
rerised. 12mo. 4#. cloth. 

" It la an analytical and synthetical praxis on 
the fonns of the Greek lang^oage, oommunieating, 
by the way, considerable knowledge of the syntax, 
and information on points connected with the 
Greek writers."— Pre/oce. 

Allen's Constructive Greek Ex- 
ercises, for teaching Greek from the begin- 
ning by writing. Second Edition, revised 
and enlarged. ISmo. fit. cloth. 

The pupil, OB b^inning Greek, needs no book 
besides tms. He has here Grammar, Yocabulary, 
and Exercise Book. 

Hardy^s Anabasis of Cyrus, 

Book L, Chapters 1 to 8. literal and Inter- 
linear Translation of the First Chapter, and 
a Lexicon to the whole, ISmo. 34. &!. cloth. 

London Greek Grammar; de- 
signed to exhibit, in small compass, the 
Elements of the Greek Lang^uage. Edited 
by a Graddatk of the University of Oxford. 
Fifth Edition. 12mo. 3f. 6d. cloth. 

Plato : the Apology of Socrates, 

the Crito, and Part of the Phaedo; with 
Notes (translated into English) from Stall- 
BAUM and ScHLxiSRifACBiBR's IntTOductlons. 
Edited by Db. Wm. Smith. ISmo. 4#. 6d. cl. 

Life of Socrates. By Dr. G. 

Wiooxns. Translated from the German, 
with Notes. 12mo. 3$. 6d. 

CoNTBNTS r— Life of Socrates, by Wiggers— 
Life of Socrates, by Diogenes Laertins— 
Schleiermacher on the Worth of Socrates 
as a Philosopher. 

Tayler^s (Rev. Charles) Intro- 
duction to the Art of Composing Greek 
Iambics, in Imitation of the Greek Trage- 
dians, designed for the Use of Schools. 
12mo. 2«. 6d. 

Greek Authors, selected for the 

use of Schools; containing portions of 
Lucian*s Dialogue^ Anacreon, Homer's 
Iliad, Xenophon's Memorabilia, and Hero- 
dotus. Umo, 3s. 6d. cloth. 

Taylor's What is the Power of 

the Greek Article ? 8vo, 3s. 6d. 

Four Gospels in Greek, for the 

use of Schools. Fcap. 8vo, 3s. 6d. cloth . 



Allen's New Latin Delectus : 

being Soitenoes for Translation from Latin 
into English, and English into Latin; ar- 
ranged in a systematic progression, on the 
Plan of the Greek Delectus. Seeond'Edition, 
revised. 12mo, 4s. cloth. 

Robson's Constructive Latin 

Exercises, for teaching the Elements of the 
Langoage on a system of Analysis and Syn- 
thesis, with Copious Vocabularies. By J. 
ROBSON, B.A., Aasistant Master in Uni- 
versity College School. 12mo, 6s. 6d. 

Allen's Etymological Analysis 

of Latin Verbs. Fcap. gvo, Us. 

Allen's EclogSB Ciceronianse ; 

containing Narrations, Maxims, Descrip. 
tions. Characters, Philosophical Pieces, and 
Letters. Selected from the Works of Cicero. 
12mo, a». 6d. (doth. 

Caesar for Beginners. Latin and 

English ; with the original Text at the end. 
12mo,3«.6d.cloth. 

Hall's Principal Roots of the 

Latin Language, simplified by a display of 
their incorporation into the English Tongue ; 
with copious Notes. Fifth Edition. 12mo, 
4#. 6d. doth. 

Hodgson's (Provost of Eton) 

Mythology for Versification ; or a Brief 
Sketch of the Fables of the Ancients, pre- 
pared to be rendered into Latin Verse. 
Fourth Edition. 12mo, 3s. doth. Key to 
ditto. 8vo,7#.cloth. 

Hodgson's (Provost of Eton) 

Select Portions of Sacred History, conveyed 
in sense for Latin Verses. Third Edition. 
ISmo, 3#. 6d. cloth. Key to ditto. Royal 
8vo, 10f.6<(.oloth. 

Hodgson's (Provost of Eton) 

Sacred Lyrics ; or, Extracts from the Pro- 
phetical and other Scriptures of the Old 
Testament ; adapted to Latin Versification 
in the principal Metres of Horace. 12mo, 
6s. 6d. cloth. 

Caesar's Helvetic War. In Latin 

and English, Interlinear, with the original 
Taxt at the end. ISmo, 2s. cloth. 

Latin Authors, selected for the 

use of Schools; containing portions of 
Phaedrus, Ovid's Metamorphoses, Vlrgirs 
^neid, Caesar, and Tacitus. l2mo, 3s. 6d. 
cloth. 
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London Latin Grammar; in- 
cluding the Eton Syntax and Prosody in 
English, accompanied with Notes. Edited 
by aGRADUATjE of the University of Oxford. 
Twelfth Edition. 12mo, 2s, Bd. cloth. 

New Latin Reading Book ; con- 
sisting of short Sentences, easy Narrations, 
and Descriptions, selected from Caesar's 
Gallic War ; arranged in systematic pro- 
gression. With a Dictionary. 12mo. 3s. 
6d. cloth. 

* ' The plan of this work differs in one important 
point from other works of a similar kind. The 
sentences have been selected exclusively from 
CsDsar's Commentary on the Gallic War, instead 
of being taken from different authors, as has 
usually been the case. There is an obvious 
advantage in this plan ; the same words are con- 
tinuall^r repeated by the same author in a simple 
narrative ; and the pupil thxa becomes accus- 
tomed to his style, and finds the work of transla. 
tion grow easier every day, which cannot be the 
case when the extracts are tsJcen from many dif- 
ferent authors, whose style must of course vary 
exceedingly."— Pr^/lwje. 

Tacitus. Germania, Agricola, 

and First Book of the Annals. With Notes 
translated into English, from Ruperti, 
Passow, Walch, and B6tticher's remarks 
on the style of Tacitus. 12mo. 6s. doth. 

VirgiPs ^neid. The First Six 

Books, with an interpaged tnmslation, 
line for line, and numerous Notes. Second 
Edition. 12mo. 6s. Gd. 

Cicero. — Pro Lege Manilla. 

12mo, sewed. Is, 



Latham^s English Language. 

Second Edition revised. 1 vol. 8vo. (See 
page 3.) 

Latham's First Outlines of Lo- 
gic, applied to Grammar and Etymology. 
12mo, U. 6d. cloth. 

Latham's Elementary English 

Grammar. For the Use of Schoola. Second 
Edition. 12mo. As. 6d, cloth. 

" His comparison of the old Saxon forms with 
the modem English, his classification of verbs 
imder the heads of weak and strong forms, and 
his remarks on the derivation and construction of 
English words, afford evidence of laborious inves- 
tigation and research, and are a valuable contribu- 
tion towards reducing our language within its 
proi)er \iraita."—Classie(U Museum. 

Green's Questions on the above, 

with an Index of Reference. ]2mo. doth, 
ls.6d. 



ZTA&XAir. 

Panizzi's Extracts from Italian 

Prose Writers. One thick volume, 12mo. 
Ids. 6d, boards. 

Panizzi's Elementary Italian 

Grammar. 12mo. 3s. bound. 



Complete Course of the French 

Language. By P. F. Mbrlkt, Professor of 
Fredch in University College, London. 

Merlet's French Grammar, 

divided into Three Parts ; the Pronuncia- 
tion, the Accidence, and the Syntax. New 
Edition. 12m0b 5s. 6d» bound. 

Merlet's Key to the French 

Gnunmar. 12mo. 3s. 6d. bound. 

Merlet's Le Traducteur; or, His- 
torical, Dramatic, and MisoeUaneous 
Selections from the best French Writers ; 
accompanied by Explanatory Notes; a 
selection of Idioms, &o. New Edition. 
12mo. 5s. 6d. boimd. 

Merlet's Petit Tableau Litteraire 

de la France ; containing an Essay on 
French Literature, with Specimens of the 
best Authors, from the earliest period 
to the present time ; a sequel to ** Le Tra- 
ducteur." 12mo. 6s. bound. 

Merlet's Dictionary of Difficul- 
ties; Appendix to the French Grammar. 
Second Edition. ]2mo. As. bound. Con- 
taining an explanation of the peculiarities 
of the French Language— Complete List of 
Adjectives, showing why they are placed 
before or after the Substantive— Compre- 
hensive List of Idioms, and Proverbs now 
in use — List of Synonyms — Mercantile 
Expressions, Phrases, and Letters, &c &c. 



Hurwitz^s Grammar of the He- 
brew Language. Svo. 13r. (doth. Or in 
Two Parte, sold separately: Ei.cmxnts. 
8vo. Cloth, As. 6d. £tymoi.ooy and Syn- 
tax. 8vo. Cloth, 9s. 

" Mr. Hurtwitz's Grammar is the best ele> 
mentary work of its kind extant in the English lan- 
gaage."— Journal of £ducation. No. 9. 

Greenfield^s Book of Genesis in 

English Hebrew, accompanied by an Inter- 
linear Translation, substantially the same 
as the authorised English version ; Philo- 
logical Notes, and a Grammatical Introduc- 
tion. Fourth Edition. 8vo. Bs. cloth. With 
the original Text In Hebrew characters at 
the end. 8vo. lOs. 6d. cloth. 






DTTEBLniEAB TRAHSLATIOHS. 
LOCKE'S SYSTEM OP CLASSICAL INSTRUCTION, 

Reetoring the Method of Teaching formerly practised in all Public Schools. 
The Series consists of the following Interlinear Translations ; with the Original 
Text, in which the quantity of the doubtful Vowels is denoted ; Critical and 
Explanatory Notes, &c. 

S* By means of these Works, that excellent System of Taition is efTectoally restored which 
was estaUished hy Dean Oolet, Erasmus, and Lilly, at the foondation of St. Paul's School, 
and was then enjoined by authoritr of the State, to be adopted in all other PuUic Semi- 
naries of T learning throughout the kingdtnn. Each volume 2g. fid. 



LcUin, 

1. Ph^edbus's Fables of JEsot, 

2. Ovid's Metamorphoses. Book I. 

3. Virgil's ^Eneid. Book I. 

4. Pabsimg Lessons to Virgil. 

5. CiESAR's Invasion of Britain. 

6. Tacitus's Life of Agricola. Part I. 

Italian. 

Stories from Italian Writers : — Al- 
fieri, Barbtti, Castiglione, &c. 



Greek. 

1. Lucian's Dialogues. Selections. 

2. The Odes of Anacreon. 

3. Homer's Iliad. Book I. 

4. Parsing Lessons to Homer. 

5. Xenophon's Memorabilia. Book I. 

6. Herodotus's Histories. Selections. 



SiSMONDI 



Fre7ic^» 
THE Battles of CRSSsr and 

POICTIERS. 



Oermcm. 

Stories from German Writers. 

An Esbat, BXPLANA'roRT OF THE Ststem. 12mo. . . . 0«. 6d. 

Alio, to accompcmy ike Lcutm <md Cfreek Series. 

The London Latin Grammar. 12mo 2«. 6d. 

The London Greek Grammar. 12mo Ss. 6d» 



snroiNo. 



The Singing Master. Fourth 

Edition, revised and corrected. 8vo. 
10«. 6d. cloth. 

No. I. FIRST LESSONS IN SINGING AND 
THE NOTATION OP MUSIC. Price 2t. 

No. XL RUDIMENTS OF THE SCIENCE 
OP HARMONY, OR THOROUGH 
BASS. Price If. 6d. 

No. m. THE FIRST CLASS TUNE-BOOK. 
Thirty Simple and Pleasing Airs, ar- 
ranged, with Suitable Words, for Young 
Children. Price If. 6d. 

No. IV. THE SECOND CLASS TUNE- 
BOOK. Price 2s. 6d. 

No. V. THE HYMN TUNE-BOOK. Price 
2t.6d. 

School Music; or Songs and 

Hymns from the Singing Master; com. 
prising Seventy-six Moral Songs for 



Chfldren," arranged to Popular Airs, and 

Seventy Psalms and Hymns, with their 

appropriate Tunes. 8vo. 5t. 6d. cloth. 

The Vocal Exercises, Moral Songs and Hymns, 

with the Music, may also be had, printed 

on 87 Cards. Price 2d. each Card, or 

Twenty-five for 3i. 

The Words without the Mosio may be had in 

Three Small Books. 
Moral Songs from the First Class Tune- 

Book, Id. 
..i—.- ■ Second Class Tune- 

Book, Id. 
Hymns from the Hymn Tune-Book, l|d. 

Helen S. HerschelFs Fireside 

Harmony ; or Domestic Recreation in Part 
Singing. A Selection of favourite old 
Glees, Rounds, and Canons; arranged to 
words suitable for Families and Schools. 
Second Edition. Demy Bvo. (oblong) 2*.6d. 
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DBAwnro. 



Lineal Drawing Copies for tte 

Earliest Instruction. Comprising 200 Sub- 
jects on 24 sheets, mounted on 12 pieces of 
thick pasteboard. By the Author of 
'• Drawing for Young Children." In a Port- 
folio, St. 6d. 

Drawing Copies for Elementary 

Instruction. By the Author of ** Drawing 
for Young Children." 2 Sets, each consist- 
ing of 12 Subjects, mounted on thick paste- 
board. 3s. 6d. each Set, in a Portfolio. 

Deaeon^s Elements of Perspec- 
tive Drawing, or the Science of Deline- 
ating Real Objects. Being a Manual of 
Directions for using a Set of Models, com- 
posing a yariety of Picturesque Forms. 
Suitable for the Practice of Beginners. 
Illustrated with Eight Plates, Sro. 4s. 

Drawing Models, consisting of 

Forms for constructing yarious Buildings, 
Gateways, Castles, Bridges, &o. The Build- 
ings will be found sufficiently large to be 
drawn from by a numerous Class at the 
same time. In a Box, with a small Trea- 
tise on Drawing and Perspectiye. Price 
21. 10s. Length of the Box, IBk inches ; 
breadth* 13 inches ; height, Bi inches. 



TrachselFs Drawing Models, 

consisting of Rectilinear Figures, Polygonal 
and Mixtilinear Models, Models chiefly for 
Shading, and Models for application and 
further practice. Price of the complete set 
IM. Any Figure may be purchased 
separately. 

The whole Collection, with the exception of 
the houses, is painted white, to resemble 
plaster. 

A complete Collection on a larger scale, such 
as that used in the Mechanics' Institu- 
tion, Liyerpool, 151. 

*4c* A detailed Prospectus map be had on 
application. 

Drawing Materials. 

A Quarto Copy Book of 24 leayes, common 

paper, 6d, 
Ditto . . . ditto 

paper <^ superior quality, U. 3d. 
Pencils with yery thick lead, B.B.B. 2s. per 

half dozen. 
Ditto .... ditto , . F. at 

If. 6d. ditto. 
Drawing Chalk, M. per dozen sticks, in a Box. 
Port-crayons for holding the Chalk, 4d. each 



EDUCATIONAL MODELS 



FOR THE USE OF SCHOOLS, MECHANICS' INSTITUTIONS, AND FOR 

PRIVATE INSTRUCTION. 



A Set of Apparatus for Hydro- 
statics, Hydraulics, and Pneumatics ; with 
a Pamphlet containing full Descriptions 
and Directions for Performing many Ex- 
periments. Price (U. 6s. in a box. 

Apparatus for Cohesion, Capil- 
lary Attraction, Electric and Magnetic 
Attraction, Impenetrablility and Inertia ; 
with Descriptions and Diagrams. Price 
2U. in a box. 

A Machine for Illustrating Cen- 
trifugal Motion; including a representa- 
tion of the Goyemor of a Steam Engine. 
In a box, 10s. 

Attwood^s Machine for Explain- 
ing the Laws of Falling Bodies: with 
Apparatus attached for Illustrating the 
Theory of the Pendulum. Price of Att- 
wood's Machine, with a "Companion/* 
21, 2s. ; additional Apparatus, for the Pen- 
dulum, 11. U, 



Sets of Mechanical Powers; 

containing the Leyer— Wheel and Axle— 
A Series of Pulleys— The Inclined Plan&— 
Wedge— Screw; with Examples of the 
Parallelogram of Forces— Centre of Orayity 
—Friction— Collision of Elastic Bodies- 
Compound Leyer. £ s. d, 
1. For large Lecture-rooms (size of 
the frame : height 3 feet 1 inch ; 

width. 3 feet) 8 8 

3. For Schools and smaller Lecture- 
rooms (height of the frame, 2 
feet 6 inches; width 2 feet 3 
inches) 5 ft 

3. A Smaller set, omitting the Pa- 

rallelogram of Forces and Col- 
lision of Elastic Bodies (height 
of the frame, 8 feet 1 inch; 
width, 1 foot m inches) . . 2 12 6 

4. A Commoner Bet (height of the 

frame, 2 feet ; width, 19 inches) 16 3 

The Bent Lever. Convertible 

into a Bent Leyer or Toggle Joint Press. 
With weights, and a description. Price 10s. 






BDVOATZOWA& 

Apparatus for Magnetisin. Price 

18#. in a box. 

A Train of Spur Wheels, 

mounted on a mahogany stand, with 
weights. Price 2U. in a box. 

A Double Inclined Plane, with 

an Application of the Composition and 
Resolution of Forces. In a box, lOt. 

A Portable Hydrostatic Bellows; 

with Description and Diagram Jnolnding a 
weight. Price 2U. in a box. 

A Sectional Model of the Steam 

Engine; by which the motions of the 
seyeral parts, its Internal structure, and 
the high and low pressure principles, can 
be easily explained. Price 2;. 8«. in a box. 

A Pyrometer, for Showing the 

Expansion of Metals. Price )5#. 

Diagrams in Wood, to Illus- 
trate Dr. Lardner's Euclid. Solid Geo- 
metry, Book I. Price 7», ftl. 



Geometrical Solids. The Five 

Regular Solids ~1. Tetrahedron ; 2. Octa- 
hedron ; 3 . Icoaahedron ; 4. Hexahe- 
dron ; 5. Pentagonal Dodecahedron ; 6- 
Rhomboidal Dodecahedron; 7. Bipyra- 
midal Dodecahedron ; 8. Trapezohedron. 
PYaAMn>8.-~9. Triangular; 10. Quadri- 
lateral; 11. Hexagonal; 12. Octagonal. 
PRISHB.~13. Triangular; U. Quadri- 
lateral; 15. Hexagonal; 16. Octagonal. — 
17. Sphere; 18. Cylinder; 19. Cone. The 
Set in a box, 9i. 

Another Set, containing the 

Conio Sections. Plrioe \ei. 

A Larger Set. Price 1/. lis, 6d. 
An Instrument for Teaching 

Geometry; convertible into a Theodolite, 
Spirit Level, Hadley's Sextant, and Wollas- 
ton's Goniometer. Price 2;. 12s. 6d. in 
a box. 

A Pair of Large Dividers, for 

making Diagrams on a black board. 
Price 4«. 



MINASrS MECHANICAL DIAGRAMS. 

For the Use of Lecturers, and Schools. Complete in Five Numbers, each containing Three 
Sheets of Diagrams, price 3f. each Number, coloured, illustrating the following subjects:— 
1 & 2. Composition of Forces.— ^3. Equilibrium.— 4 & 5. Levers.— 6. Steelyard, Brady Ba- 
lance, and Danish Balance.- 7. Wheel and Axle 8. Inclined plane.— 9, 10, 11, Pulleya— 

12. Hunter's Screw.— 13 & 14. Toothed Wheela— 15. Combination of the Mechanical Powers. 

The Diagrams are printed on large sheets of pai>er, measuring 2 feet 11 inches by 2 feet. 
This size will be found suited for large lecture rooms. 



CHEMISTRY. 

TURNER'S ELEMENTS OF CHEMISTRY. Eighth Edition. 

Edited by Justus Liebio, M.D., Professor of Chemistry in the University of 
Giessen, and William Gregory, M.D., Professor of Chemistry in the University 
of Edinburgh. 1 vol. 8vo. IL lOs. (See page ].) 

Also, in Two Parts. 
Part I.— INORGANIC CHEMISTRY. Us. 
II.— ORGANIC CHEMISTRY. 15*. 

GREGORY'S OUTLINES OP CHEMISTRY, for the use of 

Students. By William Gregory, M.D., Professor of Chemistry in the Uni- 
versity of Edinburgh. Complete in 1 vol. foolscap 8vo, 12«. doth. Part I. — 
(Inorganic Chemistry), 5*. cloth. Part II. — (Organic Chemistry), 7«. cloth. 

* * This is beyond oomparison the best introduction to Chemistry which has yet appeared. 
The directions for preparing substances are usually confined to the best method, so that 
brevity and selectness are combined. The size and price of this little work, as well as 
its intrinfflc merits, commend it to every student of Chemistry." — Lancet, 
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WILL'S OUTLINES OP THE COURSE OF QUALITATIVE 

ANALYSIS FOLLOWED IN THE GIESSEN LABORATORY. By 

Henry Will, Ph.D.y Professor Extraordinary of Chemistry in the University 

of Giessen. With a Preface, by Babon Liebio, 8vo, 6«. ; or with the Tables 

mounted on linen, 7«. 

" The present work contains an accurate description of the course I have followed in 
my laboratory, with great advantage, for twenty-nve years."— Baeon Lnaio. 

PARNELL'S ELEMENTS OP CHEMICAL ANALYSIS, 

QUALITATIVE AND QUANTITATIVE. By Edward Andrew Parnell, 
Author of ^ Applied Chemistry ; in Arts, Manufactures, and Domestic 
Economy." Second Edition, revised throughout, and enlarged by the addition 
of 200 pages 8vo, 14«. cloth. 

PARNELL^S APPLIED CHEMISTRY; IN MANUPAC- 

TURES, ARTS, AND DOMESTIC ECONOMY. With numerous Wood 
Engravings and Illustrations. 

VoL /., Ids, cloth lettered f covMim ; — 

Preliminary Observations — Gas Illumination — Preservation of Wood — 
Dyeing and Calico Printing. 

"Vol, II,f 13s., cloth lettered^ contains : — 

Glass — Starch — Tanning — Caoutchouc — Borax and the Boracic Lagoons 
— Soap — Sulphur and Sulphuric Acid, and Soda. 



PETZHOLDrS LECTURES TO FARMERS ON AGRICUL- 

TURAL CHEMISTRY. People's Edition. 1 vol. smaU 8vo., 4^. Sd, sewed ; 
58. doth. 

**The author does not overload his subject with needless details, which is the vice of 
some sack books, but he confines the reader to those points only which he ought to be 
well acquainted with, and these he explains in a dear and simple way. — Oardener*9 
Chrcnide, 

LIEBIG^S FAMILIAR LETTERS ON CHEMISTRY, AND 

ITS RELATIONS TO COMMERCE, PHYSIOLOGY, AND AGRICUL- 
TURE. Third Edition. Foolscap 8vo, U. Qd. 

LIEBIG'S FAMILIAR LETTERS ON CHEMISTRY, Second 

Series. THE PHILOSOPHICAL PRINCIPLES AND GENERAL LAWS 
OF THE SCIENCE. Foolscap 8vo, 5«. 

* * The plan of the Letters is as simple and intelligible as their style. The author set^ 
out with a general cansideratton of Chemistry ; and of the rank to which it is entitled 
among the other sciences ; treats shortly of chemical afi^ty and chemical equivalents, 
illustrating tlie symbols and formulaB by which tliese affinities are expressed ; explains 
the atobiic theory : considers the relation of heat, Ught, electricity, and granty to 
chemical force, and shows wherein these forces differ from what has been called the 
vital principle ; and lastly discusses the traosformataons — ^fermentation, putrefoction, 
and decav — which take place in organic bodies when removed fhnn the influence of 
vitality.*'— CAam&er«* Journal. Notice of Second Series, 

LIEBIG^S ANIMAL CHEMISTRY; or, CHEMISTRY IN ITS 

APPLICATIONS TO PHYSIOLOGY AND PATHOLOGY. Third 
Edition, almost wholly re-written. Part I., 6«. 6(/. cloth. (See page 4.) 

LIEBIG'S CHEMISTRY IN ITS APPLICATIONS TO AGRI- 

CULTURE AND PHYSIOLOGY. Fourth Edition, revised. 8vo, 10*. 6d. 
cloth. (See page 3.) 

PORTRAIT OF PROFESSOR LIEBIG. Is. M. 
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PLATTNER ON THE USE OP THE BLOWPIPE IN THE 

EXAMINATION OF MINERALS, ORES, FURNACE PRODUCTS, 
AND OTHER METALLIC COMBINATIONS. Translated, with Notes, 
by Dr. J. S. Muspratt. With a Preface by Professor Liebio. Illustrated 
by numerous Wood Engravings. 1 yol. 8vo, 10«. 6d, 

FRESENIUS AND WILL'S NEW METHODS OP ALKA- 

LIMETRY, and of determining the Commercial Value of Acids, and 
Manganese. 12mo, it, cloth. 

' ' This little work will prove of the highest importance to Calico Printers, Bleachers, 
Dyers, Manufacturers of Soap, Paper, and Prussiate of Potash ; also to Chemists, and 
to dealers in Alkalies, Adds, &c." 

INSTRUCTIONS FOR MAKING UNFERMENTED BREAD; 

with Observations on its Properties, Medicinal and Economic. By a Physi- 
cian. Twelfth Edition, containing the New Formulae. 8vo, 3(2. ; or. Postage 
free, 5d, 

*<The author, by directing attention to a subject of the highest importance in a 
social and economical, as wcU as a medical point of view, has rendered a great service 
to the public." — Edinbutyh Medical and Surgical Journal. 

" We recommend this Pamphlet to the serious attention of the public." — Times. 



SURGIC AL AN ATOMY, 

MORTON'S SURGICAL ANATOMY OP THE PRINCIPAL 

REGIONS. Royal 8vo. Plates and Woodcuts. 

PERINuEUM. Four Plates and Three Woodcuts. 6«. plain, 7«. 6d. coloured. 
GROIN, FEMORAL AND POPLITEAL REGIONS. Eight Plates and Eleven 

Wood Engravings. 9$. plain, 13«. coloured. 
INGUINAL HERNIA, TESTIS AND ITS COVERINGS. Five Plates and 

Eleven Woodcuts. 12«. coloured, 9«. plain. 
EIGHT PLATES OF THE HEAD AND NECK, THE AXILLA, AND 

BEND OF THE ELBOW. 13*. coloured, 7». 6d. plain. 

** The production (volume on the Groin) is altogether one which we can conscientiously 

recommend to the working student. The work will constitute a complete and 

elaborate treatise, that cannot &il to be highly useful to surgeons in genenl,** —British 
and Foreign Medical Review, 

*' The present work (Inguinal Hernia) is a worthy successor to those on the Groin 
and Perinaeum, and will prove, we do not doubt, as great a favourite with studaits." — 
Med.-Chir. Rev., April, 1841. 



CUTLER'S SURGEON'S PRACTICAL GUIDE IN DRESS- 
ING AND IN THE METHODIC APPLICATION OF BANDAGES. 

Second Edition* 100 Engravings on Wood. Foolscap 8vo, 6s, 6d. 

"This appears to be a valuable little treatise. The author seems to have spared no 
pains in procuring correct descriptions of all the surgical apxmratus at present employed 
m bandaging and dressing, both at heme and abroad. He has given numerous illusts-a- 
tions in the form of well-executed Woodcuts, and has altogether produced what we 
conceive to be a very useftil, and by no means an expensive publication." — Medical 
Gazette, Nov. 10, 1834. 

HIND'S TWENTY PLATES OP FRACTURES OF THE 

EXTREMITIES. Second Edition. FoUo, 1/. 4s. cloth. 

PORTRAIT OF ROBERT LISTON, ESQ. 2*. 6rf. 
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ANATOMI CAL PLATES. 

A SERIES OF ANATOMICAL PLATES, IN LITHO- 

GRAPHY : With References and Physiological Comments, illustrating 
the Structure of the different Parts of the Human Body. Edited by Jones 
QuAiN, M.D., and Erasmus Wilson, Lecturer on Anatomy and Physiology at 
the Middlesex Hospital. 2 vols, royal folio, half-boimd morocco, gilt tops, 
price \2L plain, 202. coloured. 

the work mat also be had in separate portions, as follows : — 

THE MUSCLES OF THE HUMAN 
BODY. Royal Folio, 51 Plates. 21. 16«. 
plain ; 6L 5s» full coloured. 

THE VESSELS OF THE HUMAN 
BODY. Royal Folio, 50 Plates. 21. 14«. 
plain ; 31. IBs. with the vessels coloured. 

THE NERVES OF THE HUMAN 
BODY. Royal Folio, 38 Plates. 21. U. 
plain ; H, 2$. full coloured. 

*^* The entire Work consists of 105 Numbers and 2 Supplements, con- 
taining 201 Plates, besides Indexes, &c. 

A list of Plates, showing the contents of each Nwmher^ may he had gratis^ on 
application to the Publishers. Any Number may be purchased sepanUdy. 



THE VISCERA OF THE HUMAN 
BODY; iNCLUDiNO thr Organs of Di- 
OBsnoN, Rbspiration, Secrktion, and Ex- 
CRBTioN. Royal Folio, 32 j Plates. Price 
II. 18#. plain ; 32. lOf. coloured. 

THE BONES AND LIGAMENTS. 

Royal Folio, SO Plates. Price 21. plain ; 
21, 15#. coloured. 



ANATOMY. 



DR. QUAIN'S anatomy. Fifth Edition. Edited by De. 

Shabpet and Mr. Quain. 2 vols. 8yo. (See page 2.) 
Also (for a short time) in Three Parts. 
Pabt L 13<. I Pabt II. 14». | Pabt III. 



s, 

ELLIS'S DEMONSTRATIONS OF ANATOMY ; A Guide to 

the Dissection of the Human Body. One volume, small Svo, 12«. 

" We think Mr. Ellis's * Demonstrations' are in every uray fitted for the purpose for 
whidi they are intended; and we therefore strongly recommend the work to the notice 
of every member of the profession. We are convinced that it will quickly become the 
general Text Book of every working student in anatomy."— .firifisA and Foreign Me- 
dical Betnew, 

MACLISE^S MORPHOLOGICAL STUDIES IN SEARCH 

OF THE ARCHETYPE SKELETON OF VERTEBRATED ANIMALS. 
Illustrated in 54 Plates. One volume, small folio, 21, 12«. 6d» (See page 3.) 



MATERIA MEDICA. 

BALLARD AND GARROD'S ELEMENTS OF MATERIA 

MEDICA AND THERAPEUTICS. One yolume 8yo, with Diagrams on 
Wood. 12». cloth. 

" As a manual for students, it is the best that has yet appeared, and will be fonnd to 
contain much matter well worthy of perusal by the practitioner." — Banking'* Report. 






PHYSIOLOGY. 

MULLER'S ELEMENTS OF PHYSIOLOGY. Translated, with 

Notes, by William Balt, M.D. Steel Plates and very numerous £n- 
grayings on Wood. 2 thick vols. Svo. 20«. each. 

" We doy however, reoommend it rery strongly, and vre have no Hesitation in saying 
that it irill sapereede all other workB as a Text Book tat Lectures, and one of reference for 
students. It steers a middle course between the superficial brevity of many of our 
modem works, and the pleonastio and metaphysical Jargon of Burdacb." — Med. Chir. 
Hepiew, April, 1838. 



MEDICINE. 

MURPHY^S (PROFESSOR) LECTURES ON NATURAL 

AND DIFFICULT PARTURITION. One volume 8vo, with numerous 
Engravinga on Wood. 9«. doth. 

" llie whole of these Lectures, which refer to dif&cult and laborious labours, and to 
the application of instruments, idU be ftnmd of the very greatest TBlue." — Lancet. 

DR. DAVID D. DAVIS^S ELEMENTS OF OBSTETRIC ME- 

DICINE. Second Edition. With a 4to Volume contaming all the Plates of 
the original 4to Edition. II. 7«. 6d, cloth. 

WALSHE ON THE NATURE AND TREATMENT OF 

CANCER. One vol. Svo, with IlluBtratioDs. ISs. 

*' The chapter upon this most important suliject (Treatment) is very full and com- 
plete. Dr. Walshe has taken great pains to examine the alleged virtues of almost every 
remedy and of every plan of medication thathas been proposed. ''--3fetfuK>-C%tr. Review, 

WALSHE ON THE PHYSICAL DIAGNOSIS OP DISEASES 

OF THE LUNGS. Foolscap 8to. 6«. 6d doth. 

" The treatise is one of extraordinary merit . Indeed we do not hesitate to say, that 
there exists in no language any work on the Physical Diagnosis of the Diseases of the 
Lungs, suited for stu^tenta, so dear and precise, and at the same time so compreheQsive 
and practical, as this.'* — BriHth and Foreign Medical Review, 

DR. BENCE JONES'S APPLICATION OF LIEBIG'S PHY- 
SIOLOGY TO THE PREVENTION AND CURE OF GRAVEL, CAL- 
CULUS, AND GOUT. 8to. 6». 

DAVIS (DR. DAVID D.) ON ACUTE HYDROCEPHALUS. 

8to. 9*. 6d. 

ALLEN ON THE CLASSIFICATION OF THE INSANE. 

8yo. 68. 




MR. QUAIN'S WORK ON THE ARTERIES. 

*«* The Publishers have much pleasure in announcing that 450 out of the 500 
Copies have been subscribed for, and that 400 have been delivered. Gentlemen 
intending to subscribe for the remaining Copies are requested to favour the Publishers 
with their names as soon as possible, either direct or through their respective 
Booksellers. Oct, 1, 1847. 
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